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Nutrition of Kidamella deflexa 


Il. Development of a Synthetic Medium for Optimum Growth and Pigmentation 
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It has previously been shown (Kuehn and Crosby, 
1960) that a tentative optimum defined liquid medium 
for the growth of Lidamella deflexra (Berk.) Benjamin 
included maltose, glycine, thiamine, biotin, and uracil 
at a pH of approximately 7.0. However, no experi- 
mentation had been accomplished to determine the 
optimum concentrations of these ingredients, with one 
exception. The single constituent for which the opti- 
mum concentration had been established was uracil, 
of which 8 mg per cent proved to be the optimum level. 
The purpose of the experimentation described herein 
was to resolve the problems concerned with the es- 
tablishment of optimum levels for all constituents of 
the medium for growth and pigmentation. 


MATERIALS AND METHODS 


The experimental procedures and method of evalu- 
ating the amount of growth and pigment elaboration 
were the same as those discussed in detail previously 
(Kuehn and Crosby, 1959, 1960). Cultures were grown 
in 100 ml of medium in 500-ml Erlenmeyer flasks which 
were incubated on reciprocating shakers at 28 C for 
)to 7 days. The mycelium was removed by centrifuga- 
tion and the dry weight was determined by drying to a 
constant weight in an oven at 100 C. The intensity of 
pigment elaboration was determined using a Bausch 
and Lomb Spectronic! 20 colorimeter at a wave length 
of 450 mu. The culture filtrate was suitably diluted 
ind read in optically clear 16 by 150 mm test tubes. 
Procedures designed to isolate and characterize the 
pigment or pigments are still in progress. 


RESULTS AND DISCUSSION 


A prerequisite for further work 'seemed to be the 
establishment of the optimum initial pH range for 
gowth and pigmentation the glycine-maltose 
medium. The medium consisted of glycine, 2 per cent; 
maltose, 4 per cent; thiamine, 0.1 mg per cent, biotin, 
).2 mg per cent; and uracil, 8 mg per cent. Prior to 
wtoclaving, the initial pH was adjusted to various 
levels from pH 3.0 through 10.0. The pH was recorded 
igain following sterilization and prior to inoculation 
of the flasks. From the results shown in table 1 it was 


in 


' Bausch and Lomb Optical Co., Rochester, New York. 
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evident that the optimum initial pH for growth was 
about 5.0, whereas the level of pigmentation was 
approximately the same from pH 5.0 through 7.5. 

Heretofore, complex nitrogen sources have never 
been compared with glycine using maltose as the carbon 
source. Table 2 shows the results of an experiment 
using 4 per cent maltose with 1.5 per cent of the various 
nitrogen sources. Thiamine, 0.1 mg per cent, biotin, 
0.2 mg per. cent, and uracil, 8 mg per cent, were added 
to the flasks containing glycine. After a 5-day incuba- 
tion period the results showed that glycine was in- 
ferior to several of the complex sources of nitrogen. 

A redetermination was made of the effect of the car- 
bohydrate source when glycine was the source of nitro- 
gen. The basal medium contained glycine, 2 per cent, 


TABLE 1 
Effect of initial pH level upon growth and pigmentation of 
Eidamella deflera using a glycine-maltose medium 


rt pat PH ater Aut-| ing an | yeti! [Ont Density 
mg/100 ml 
3.0 3.1 2.9 164 0.004 
3.5 3.5 3.2 217 0.041 
4.0 4.0 3.9 434 0.108 
5.0 5.0 6.5 833 0.678 
6.0 5.9 5.7 764 0.638 
7.0 5.9 5.7 762 0.824 
(je 6.4 5.5 744 0.620 
8.0 6.8 5.4 722 0.523 
8.5 7.3 5.6 674 0.456 
9.0 7.6 4.5 359 0.229 


* Indicates dilution of culture filtrate. 


TABLE 2 
Comparison of glycine with complex nitrogenous material as 
sources of nitrogen with maltose as the carbon source 


Source of Nitrogen Final pH | Mycelial Weight | OPtical Density 


:100) 


mg/100 ml 


Venst extracts... <..0.6.%. 6.5 1358 0.081 
Corn steep liquor........ 4.7 1051 0.076 
PEIN) 6 Prac So tS 8.2 730 0.013 
Malt extract x. ..: .< 2.050. 4.7 645 0.086 
CONS 5 elo nike os ns 5.0 281 0.056 
Casein hydrolyzate...... 4.4 214 


0.143 
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plus thiamine, 0.1 mg per cent; biotin, 0.2 mg per cent; 
and uracil, 8 mg per cent; plus 4 per cent of the carbo- 
hydrate. After a 5-day incubation period the results, 
shown in table 3, reaffirmed that CP grade maltose 
was superior to the other simple sources of carbon. 
However, soluble starch, dextrin and technical grade 
maltose supported far greater growth that did CP grade 
maltose. It seemed probable that these three sources 
of carbon contained growth factors not present in the 
simple, purified carbohydrates. 

Three grades of maltose: practical, technical, and 
CP were compared in a 5-day experiment in an attempt 
to establish the presence of growth factors in the less 


TABLE 3 
Comparison of certain carbohydrates as sources of carbon with 
glycine as the nitroger n source 


H. H. KUEHN AND P. 
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TABLE 6 purif 
Effect of concentration of glycine and technical maltose upon oredi 
growth of Eidamella deflexa Z 
a ii —__§ in ta 
Per Cent Glycine were 
Per Cent 
Maltose ne a en { aed nile se TI 
0.0 0.5 1.0 is 25 | 32 4.0 5.0 | 
i, ese: is ae) es Pe . _ 2a each 
0.0 | 40*| 63 | 96 | 253| 215 | 272 | 207 | aos § deter 
1.0 149 | 305 | 334 | 422 | 290| 404 | 768 | 520 § pig 
2.0 241 367 | 457 457 | 393 | 472 628 | 697 § use 
3.0 266 | 452 | 597 635 | 568 | 726 | 1197 | 685 opti 
4.0 | 517 | 657 | 788 | 892| 791 | 772 | 718 | 802 | oll x 
5.0 287 796 | 917 | 1053 | 1282 | 762 982 | 700 { 9 
ope | | __| ff thes 
* Mycelial weight, mg per 100 ml. | peri 
mg 
TABLE 7 mg 
Effect of concentration of glycine and practical grade maltose § whi 
upon ¢ growth of Eidamella de, flexa littl 
ies tig anal os x =o i, : evel 


Carbohydrate Final pH | Mycelial Weight | OPtica! Density 
mg/100 ml 
Maltose (technical).......| 5.0 791 0.187 
Soluble starch........ 4.2 777 0.086 
SPORUTIN.. ...5.....2. 5.3 644 0.244 
OLS rere ee 5.2 388 0.036 
Maltose (CP)....... 5.4 387 0.046 
PERS etc ox 8% 4.5 300 0.036 
0) eee 5.5 296 0.032 
DERN i i a ig a seis bieianis 5.0 260 0.071 


Per Cent Glycine 





TABLE 4 
Effect of various grades of maltose upon growth and pigmentation 
of Eidamella deflera with glycine as the 
source of nitrogen 


Per Cent Mycelial Optical 


Grade of Maltose in Medium | Final pH Weight ae 
, oa 7 wa 100 ml 
ene Sere 2 5.2 315 0.108 
ty Ra eee! 4 §.1 461 0.1438 
Poeemmieal............. 2 5.8 459 0.222 
oS ee 4 5.2 743 0.310 
Practscal ............5.. 2 4.8 716 0.409 
On SS ee eee 4 4.6 778 0.377 


TABLE 5 
Effect of concentration of glycine and CP grade maltose 











upon 
growth of Eidamella de fle xa 
Per Cent Glycine 
Per Cent Maltose |——______ a a 
0.0 1.0 15 | 20 | 25 | 30 | 40 5.0 
0.0 21* | 76 | 77 | 148 | 130 | 277 | 351 | 355 
1.0 64 115 | 318 | 143 | 298 | 400 | 488 | 480 
2.0 151 | 292 | 226 | 223 | 395 | 417 | 584 | 797 
3.0 219 | 311 | 488 | 320 | 458 | 485 | 811 | 695 
4.0 282 | 410 | 407 | 599 | 589 | 667 | 799 | 837 
5.0 507 | 452 | 349 | 482 | 482 | 739 | 610 | 1014 
* Mycelial weight, mg per 100 ml. 








nl — | rest 
0.0 0.5 1.0 1.5 2.0 Wh 
- L ~ # ame 
0.0 28° 32 66 | 110 172 Ho 
1.0 204 299 429 | 481 448 ie 
2.0 358 | 532 662 | 754 om lho 
3.0 545 | 530 745 | 897 811 con 
4.0 802 | 584 810 | 888 1041 of £ 
5.0 1030 | 882 916 | 1011 029 Ey 
* Mycelial w revy mg per 100 ml. gly 
wit 
TABLE 8 h, 
Effect of various levels of KNO; and maltose upon growth of ~ 
Kidamella deflexa id 
== a = Penge, See 7 the 
Per Cent KNO; ul 

Per Cent Maltose |———_______. tile ie eal ta steal sal { ma 
0.0 0.5 1.0 5 | 20 25 § Spd 
. = = — ——8 pra 
0.0 19* 31 52 100 56 111 ine 
1.0 114 229 371 271 346 374 | str 
2.0 292 339 329 429 326 326 aly 

3.0 163 367 423 410 400 421 sis 

4.0 356 | 487 | 407 | 404 | 578 | 474 | Sul 
5.0 387 | 528 | 506 | 367 | 483 | 241 the 
— —-—-—- a — | up 
. Mecsliel welt, mg per - 100 ~y of 
| pel 
TABLE 9 wa 

Effect of various levels of thiamine and biotin on growth of B 
Eidamella deflexa in a a glycine- maltose medium Di 

Mg Mg Per Cent Thiamine tre 

Per Cent | cen amen ae as 

Bietin | 0.0 0.1 0.2 03 | 04 06 | 

0.0 893* 1033 1082 849 | 1013 886 be 
0.2 982 | 1227 | 1046 | 1009 | 1064 | 856 | 1) 
0.4 1069 | 923 935 938 974 850 we 
0.6 1021 | 1033 989 938 | 904 =—7Ee gl 
0.8 953 | 1025 1051 877 | 895 1016 | qu 
1.0 948 1019 951 849 | 812 1023 bi 


* Mycelial weight, mg per 100 ml. 
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purified material. Other than maltose, the only in- 
gredient was | per cent glycine. From the results shown 
in table 4 it was evident that growth and pigmentation 
were enhanced by increasingly impure grades of maltose. 
The effect of increased concentrations of glycine and 


feach of the grades of maltose were investigated to 


determine if the response of increased growth and 
pigmentation to impure maltose could be overcome by 
use of higher levels of CP maltose. To determine the 
optimum concentrations of CP maltose and glycine, 
all possible combinations of 0 to 5 per cent of each of 


| these ingredients were tested during a 7-day incubation 


period. The basal medium contained thiamin, 0.1 
mg per cent; biotin, 0.2 mg per cent; and uracil, 8 
mg per cent, at pH 5.0. Table 5 illustrates the results 
which showed that the maximum growth varied but 
little with increasing glycine up to 2.5 per cent. How- 
ever, increasing the levels of glycine above 2.5 per cent 
resulted in substantial increase in the amount of growth. 
Whenever maltose as well as glycine were present the 
amount of pigmentation was approximately the same. 
However, in the absence of glycine, increasing amounts 
of maltose had very little effect on pigmentation and, 
conversely, in the absence of maltose increased levels 
of glycine elicited no increased elaboration of pigment. 
It is interesting to note that, with higher levels of 
glycine, the total growth approached that obtained 
with the complex nitrogen sources (table 2). 

Technical grade maltose was included with glycine 
in various combinations in an experiment incubated for 
7 days. Results are presented in table 6. Table 7 shows 
the results of a similar experiment using practical grade 
maltose. It was evident that much greater growth re- 
sponse was obtained with a given concentration of 
practical maltose when compared with CP maltose. The 
increase in growth with technical maltose was not so 
striking as with practical maltose. At each level of 
glycine the most intense elaboration of pigment re- 
sulted with 4 to 5 per cent technical maltose. Moreover, 
the intensity of pigmentation seemed to be dependent 
upon technical maltose concentration and independent 
of glycine concentration since pigment intensity for 1 
per cent glycine and 4 to 5 per cent technical maltose 
was equivalent to that for 5 per cent glycine and 4 to 
5 per cent technical maltose. Thé same pattern for 
pigment intensity as existed for technical maltose was 
true of practical maltose, although the pattern was not 
as clearly defined. 

Glycine had previously (Kuehn and Crosby, 1960) 
been shown to be superior to KNO; at concentrations of 
1 per cent. It was not known whether increased KNO3 
would permit greater growth increments than those 
elicited by higher levels of glycine. To resolve this 
question, various levels of KNO; were tested in com- 
bination with various levels of maltose. Table 8 shows 
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the results of the experiment which was incubated for 
7 days. It was evident that there was little or no in- 
crease in growth with increase in the level of KNO; 
above 0.5 per cent. Comparison of the results shown in 
table 8 with those in table 5 shows that higher levels of 
glycine permit greater production of mycelium than 
results with higher levels of KNO;. Optimum produc- 
tion of the red pigment occurred with 5 per cent maltose 
and 0.5 to 1.0 per cent KNOs. 

Previous work had shown that growth of E. deflera 
was stimulated by addition of thiamin and biotin 
(Kuehn and Crosby, 1960). However, the optimum 
levels of these growth factors had not been established. 
To determine the optimum levels of these vitamins, 
various combinations of thiamine and biotin were in- 
cluded in a basal medium which contained 1 per cent 
glycine and 4 per cent maltose. Results of the experi- 
ment, which was incubated for 5 days, are presented in 
table 9. These results revealed that the optimum levels 
for growth were 0.1 mg per cent thiamine and 0.2 
mg per cent biotin. Varying levels of these two vitamins 
seemed to have no effect upon intensity of the pigment 
which was produced. 


SUMMARY 


Optimum conditions for growth and elaboration of a 
red pigment by Lidamella deflexa were studied in shaken 
flasks using a previously developed basal medium con- 
sisting of glycine, maltose, thiamine, biotin and uracil. 
The most favorable initial pH for growth was 5.0, 
whereas a range of 5.0 to 7.5 was optimum for develop- 
ment of pigment. Soluble starch, dextrin, practical and 
technical grades of maltose supported better growth 
than CP grade maltose. Glycine was inferior for growth 
when compared with yeast extract, corn steep liquor, 
and peptone; however, higher levels of glycine permitted 
growth approaching that which resulted from use of 
the complex nitrogenous material. Even at high levels, 
KNO; did not equal the effect of glycine. Five per 
cent glycine and 5 per cent maltose were optimum 
levels for growth, as were 0.1 mg per cent thiamine and 
0.2 mg per cent biotin. Pigment intensity was not 
affected by various levels of the two vitamins. Presence 
of both maltose and glycine was necessary for maxi- 
mum pigmentation, although the levels of these two 
ingredients did not affect pigment elaboration. 


REFERENCES 


Kueun, H. H. anp Crossy, P. F. 1959 Growth and nutri- 
tion of Pseudoarachnietus roseus in submerged culture. 
Mycopathol. et Mycol. Appl., 11, 109-127. 

Kuen, H. H. anp Crossy, P. F. 1960 Nutrition of Eida- 
mella deflera. I. Carbon-nitrogen assimilation and some 
growth factor requirements. Mycopathol. et Mycol. 
Appl. (in press). 


Kinetics of the Continuous Aleoholic Fermentation of 
Blackstrap Molasses 
W. Borzani, M. Fatconr, AND Marina L. R. Varro 


Department of Chemistry, Escola Politécnica, University of Sao Paulo, Sao Paulo, Brazil 


Received for publication September 15, 1959 


The very important problems concerning fermenta- 
tion kinetics have only recently received some attention 
(Calam et al., 1951; Gaden, 1955a, b, 1956; Borzani, 
1957; Kosin, 1957). In the particular case of continu- 
ous alcoholic fermentation, a great number of papers 
have been published (Alzola, 1940, 1945; Bilford et al., 
1942; Owen, 1948; Asai et al., 1952, 1953; Mariller et 
al., 1952; Borzani, 1953, 1957; Ueda et al., 1954; Ueda, 
1955a, b) but only one (Borzani, 1957) gives some atten- 
tion to the kinetics of the process. In that article 
(Borzani, 1957) the author postulates an empirical 
equation relating the fermentation cycle time (7, hr) 
of a complete continuous fermentation and the con- 
centration of total reducing sugars (C, g per L) of the 
feeding mash: 

T 


2.08 K 10°C? 


and says that this equation can be justified theoreti- 
‘ally with the hypothesis that the consumption of sugar 
is a reaction of kinetic order —1 (de/dt = —k/c). The 
author further states that ‘‘another experimental ap- 
proach is being tried to confirm these results.” 

That theoretical justification, however, is not cor- 
rect. In fact, the rate equation mentioned 


aie (1) 


admits that the fermentation rate (dc/dt) is influenced 
only by the temperature (since k is a function of the 
temperature) and by the sugar concentration of the 
feeding mash; the equation (1) does not consider the 
influence of the microorganism concentration, which 
depends on several factors, for example, sugar concen- 
tration, feed rate, and agitator speed. We believe that 
only a coincidence can explain the agreement between 
the theoretical and the empirical equations presented 
in the mentioned paper. 
The correct rate equation of a fermentation of kinetic 
order n can be written: 
de 


— = —kMc" 


(2) 
dt 


where c and V are, respectively, the sugar concentra- 
tion and the microorganism concentration at the time 
t, and k is the velocity constant. 
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If we assume that a fermentor is being continuously 
fed fresh mash at a constant rate, ¢, and that fermenting 
material is being continuously withdrawn from the 
vessel at the same rate (thus, a constant volume, V, of 
liquid is maintained in the fermentor), and if we call] 
C; the sugar concentration of the feeding mash, (’; and 
M, respectively, the sugar concentration and the micro- 
organism concentration of the withdrawal medium at 
steady state, equation (2) will give: 








1 if 
ne 1: —(C;" — C;") = kM -—- (3 
l—n”n ; ti) i} 
Ci V 
n=1:lg—-=kM-— (4)| 
Cy 
Equations (3) and (4) can be rearranged: 
“ 1 Cc; a C;** I! 1 5 
U 5 eater ™= K-— (9) 
U M ¢ 3 
1 : ] 4 if 6 
= Sa. « —- = _ 2 \ 
: mC; A 


showing that a linear relation exists between 1/¢ and 
a function of C;, C; and M that depends on n. 

This report presents the results obtained on labora- 
tory-scale continuous alcoholic fermentations, carried 
out to study the kinetic order of the process, varying 
the feed rate (then varying the fermentation cycle time, 
V/¢), the sugar concentration of the feeding mash, and 
the agitator speed. 





The equations presented in this paper were derived | 
by the application of the least squares method to the | 
experimental values. 


MATERIALS AND METHODS 


The fermentation equipment is shown in figure |. | 
The mash feeder used, described by Borzani and Vairo 
(1959), assures practically constant feeding rates. 

Blackstrap molasses with about 50 per cent of total 
reducing sugars, calculated as glucose, was used. 

Ten L of concentrated mash (about twice as concen: | 
trated as the desired mash) were prepared by diluting | 


the blackstrap molasses with tap water; NH,H.P0O;} 
(0.4 per cent of the molasses weight) was added and the} 


solution was heated for 15 min at 100 C and for 15 min 
at 110 to 120C to clarify the medium. After 24 to 


48 hr of rest, the clarified mash was siphoned, diluted] 
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with tap water to attain a desired sugar concentration, 
and distributed in the fermentor (2.8 L) and in the 
storage flasks. The vessels containing the diluted mash, 
the connection tubes, and the pumps were then steril- 
ied by autoclaving at 120°C for 15 to 20 min. After 
sterilization the equipment was mounted with care to 
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Figure 1. Schematic representation of the fermentation 
equipment. 7. Water bath; 2, fresh mash storage flask; 3, air 
filter; 4, mash feeder; 5, Inox fermentor; 6, agitator; 7, sample 
tube; 8, asbestos gasket; and 9, draw off. 


TABLE 1 
Effect of initial sugar concentration, feeding rate, 
and agitation speed on continuous fermentation 





Withdrawal 


Medium (at a. : 
Agitator (Mash Sugar Feeding Steady State) the Com- ee 
Speed Conc* Rate ae — Efficiency 
Sugar | Yeast Mash 
conc* conc 

ian Or « ml alco- 

ren g/L L/hr 8/L wae L onc a. posted 

0 128.7 0.916 121.5 Be 6.3 490 

132.3 0.979 115.0 3.4 6.4 480 

132.6 0.648 116.7 2.4 ae = 

133.9 0.689 118.0 | 3.2 6.7 500 

162.8 0.909 154.9 1.4 9.0 550 

166.5 0.483 138.2 3.9 8.9 530 

176.2 0.640 150.9 3.3 9.0 510 

188.2 0.880 180.4 1.0 9.9 530 

500-530 102.0 1.011 89.5 2.8 4.6 450 

103.5 0.707 77.2 5.5 5.3 510 

105.3 0.469 40.2 8.5 5.1 480 

122.2 | 0.398 | 46.8/'7.6| 6.3 520 

130.0 0.666 89.7 7.8 6.6 510 

130.7 0.981 107.9 4.6 6.5 500 

132.0 0.466 58.5 | 10.0 7.2 550 

132.9 0.676 91.3 6.0 7.0 530 

150.6 0.648 115.4 6.2 8.0 530 

158.1 0.920 130.7 §.2 8.4 530 

159.4 0.441 80.8 9.8 8.5 530 

160.0 0.985 145.1 5.0 8.5 530 

175.0 0.608 145.8 4.6 9.2 530 

178.4 0.426 97.7 7.0 9.2 520 

201.2 0.903 186.2 2.8 9.3 460 


* Caleulated as glucose. 
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avoid contamination. Ammonium phosphate, mono- 
basic (2.0 g per L) and MgSO,-7H,0O (0.25 g per L) were 
then added to the mash, as sterilized solutions, to cor- 
rect the deficiencies of N, P, and Mg normally observed 
in molasses. The fermentor was then inoculated with a 
suspension of 30 g of pressed yeast! in 100 to 180 ml 
of sterilized water; this quantity of yeast assures an 
initial yeast concentration of 0.9 K 10" to 1.3 & 10" 
cells per L (Borzani, 1955). After the fermentation was 
completed (24 to 28 hr), the continuous feeding with 
fresh mash was started. Temperature was controlled 
between 29 and 31 C. Feeding rate was periodically 
‘alculated from the measurement of the volume of fer- 
menting medium obtained in a given time. The steady 
state, attained 12 to 15 hr later and maintained for at 
least 4 hr, was controlled by measuring periodically the 
specific gravity of the fermenting medium. Samples of 
the fermenting medium were collected for analytical 
determinations. For measurement of the alcohol con- 
tent of the completely fermented mash, a sample of 


1 Prepared by Standard Brands of Brazil, Inc., Sao Paulo, 
Brazil. 


TABLE 2 
Determination of the kinetic order of the 
continuous alcoholic fermentation 





Ci} i CH n 


M a 
Agitator C;* ‘ie Sa aa " lg a 
Speed . “ ? % 10128 
i 5 n= On = 0.3); 2 = 0.5 
rpm 

0 128.7 | 1.09 141 | 9.5 0.56 0.092 0.0258 1.95 
132.3 | 1.02 |128 | 8.5 |0.51 0.084 |0.0233 | 1.79 

132.6 | 1.54 |163 10.9 0.65 0.107 |0.0288 | 2.27 

133.9 | 1.45 |170 | 8.4 (0.50 0.081 |0.0225 | 1.72 

162.8 | 1.10 |185 |11.0 0.58 0.089 (0.0228 | 1.59 

166.5 | 2.07 |220 13.3 (0.72 0.112 |(0.0288 | 2.07 

176.2 | 1.56 252 14.8 0.77 0.118 0.0300 2.05 

188.2 | 1.14 |277 15.0 |0.75 (0.110 |0.0260 | 1.77 

500-530 | 102.0 | 0.99 | 87 | 6.7 0.45 0.081 (0.0235 2.06 
103.5 | 1.41 | 86 | 6.8 0.48 0.169 0.0250 4.13 

105.3 | 2.13 |112 | 9.7 |0.77 10.151 |0.0463 | 4.93 

122.2 | 2.51 |167 |13.5 |0.99 (0.185 |0.0550 | 5.45 

130.0 | 1.50 |114 8.2 0.52 0.089 0.0250 | 2.08 

130.7 | 1.02 {118 | 8.1 (0.50 |0.083 |0.0225 | 1.81 

132.0 | 2.15 |141 |10.8 |0.74 (0.133 |0.0388 | 3.57 

132.9 | 1.48 |156 {11.1 |0.69 (0.118 (0.0338 | 2.73 

150.6 | 1.54 151 | 9.9 0.57 0.092 0.0253 1.87 

158.1 | 1.09 153 | 9.7 |0.53 0.089 0.0228 1.60 

| 159.4 | 2.27 192 12.4 0.80 0.134 0.0328 3.00 

160.0 | 1.02 92 | 5.6 0.30 0.047 0.0125 0.86 

175.0 | 1.64 |202 11.9 0.63 0.096 0.0245 1.71 

178.4 | 2.35 |317 (20.2 (1.15 (0.184 0.0498 | 3.73 

201.2 | 1.11 205 11.2 0.53 0.076 (0.0198 | 1.19 
*(; = initial sugar concentration as glucose, g per L; 
C; = sugar concentration as glucose at steady state, g per L; 
M = yeast concentration at steady state, cells per L; and 


@ = feeding rate, L per hr. n = kinetic order. 
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Figure 2. Graphical representation of the fermentation 
kinetics supposing a kinetic order —1. 
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C; = initial sugar concentration as glucose, g per L. 
C; = sugar concentration as glucose at steady 

state, g per L. 
M = yeast concentration at steady state, cells per L. 
@ = feeding rate, L per hr. 
@ = experiments without agitation. 
+ = experiments with agitation. 
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Figure 3. Graphical representation of the fermentation 
kinetics supposing a kinetic order —0.5. 
C4 - C 1.5 


f 
; 10° 
M ss 


id => 


1 
¢ 


C; = initial sugar concentration as glucose, g per L. 

Cy; = sugar concentration 
per L. 

M = yeast concentration at steady state, cells per L. 

@ = feeding rate, L per hr. 

@ = experiments without agitation. 

+ = experiments with agitation. 
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about 0.5 L was incubated at 30 to 32 C until the fer. J 
mentation was complete. In the experiments with agi- 
tation, the agitator was started just before the inocu. 

















lation. 
— mJ , 7 T “T 7 T T + T Tr 
1.0F as 4 F 
+ 
r ~ 
+ 
n~ ¢ + j 
0.5- * st 7 
- . ; 
L + r 
a E 
——— ¥=0.4081 X ; 
A. i. i | i i l L 
'@) rm i i i 5 
0 1 4. 75 
xX —S t 


Figure 4. Graphical representation of the fermentation} 
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C; = initial sugar concentration as glucose, g per L. 

C; = sugar concentration as glucose at steady state, g 
per L. 

M = yeast concentration at steady state, cells per L. 4 

@ = feeding rate, L per br. 

@ = experiments without agitation. 

+ = experiments with agitation. 
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Figure 6. Graphical representation of the fermentation 
kinetics supposing a kinetic order 0.3. 


Ce7 — C7 
Ca oe 
M 
' 
ae i 
X = 
? ' 
f 
C; = initial sugar concentration as glucose, g per L. F 
Cy; = sugar concentration as glucose at steady state, gf 
per L. 
= yeast concentration at steady state, cells per L. 
feeding rate, L per hr. ' 
= experiments without agitation. 
= experiments with agitation. 
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The specific gravity was determined as follows: about 
5 ml of the fermenting liquid were rapidly boiled to kill 
the cells, and then were rapidly cooled; 2.0 ml of the 
cooled liquid were weighed and the specific gravity was 
then calculated. 

Sugar concentrations (Falcone et al., 1959) of the 
fresh mash and of the fermenting liquid, alcohol content 
(Borzani and Falcone, 1952) of the completely fer- 
mented medium, and yeast counts of the fermenting 
liquid by the hemocytometer chamber (White, 1954), 
were determined. 


RESULTS 


The experiments were run with two different values 
of the agitator speed (0 and 500 to 530 rpm), varying 
the mash sugar concentration (102.0 to 201.2 g per L), 
and the feeding rate (0.398 to 1.011 L per hr). The 
results are presented in table 1. The alcohol content of 
the fermented mash, as well as the fermentation efh- 
ciency, were not used in the calculations; these values 
were determined only to control the goodness of the 
fermentation. 


DISCUSSION 


Based on the experimental values presented (table 1) 
and on equations (5) and (6), the determination of the 
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Figure 6. Graphical representation of the fermentation 
kinetics supposing a kinetic order 0.5. 
Cas — Cp 


Y = x 10° 
M 
: 1 
X = 
o 
C; = initial sugar concentration as glucose, g per L. 
Cy; = sugar concentration as glucose at steady state, g 
per L. 


M = yeast concentration at steady state, cells per L. 
@ = feeding rate, L per hr. 


® = experiments without agitation. 
+ = experiments with agitation. 
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kinetic order of the process was tried in the following 
way. 

Assume, for instance, based on the known fact that 
many enzymatic reactions are of zero-order, that the 
kinetic order of the continuous alcoholic fermentation 
is zero. In this case, equation (5) can be written: 

Ci — Cys 1 


eng 

The experimental values of C;, C;, M, and @ 
(table 1) permit to calculate (C; — C;)/M and 1/¢ for 
each continuous fermentation test; plotting (C; — C;)/ 
M versus 1/¢, a linear function must be obtained if the 
kinetic order is zero. 

Table 2 shows the results obtained applying equa- 
tions (5) and (6) to the values of table 1, with six dif- 
ferent values of n: —1; —0.5; 0; 0.3; 0.5; and 1. 

Figures 2 to 7, obtained from table 2, show that the 
most probable value of the kinetic order of the continu- 
ous fermentation lies between 0 and 0.5. Figure 2 
shows also that a kinetic order —1, proposed in a previ- 
ous paper (Borzani, 1957), can not be admitted. 


ACKNOWLEDGMENT 


The authors acknowledge the assistance of Hélio P. 
Engelberg. 





6 oo 


——- 
T T , 














x-— 


Figure 7. Graphical representation of the fermentation 
kinetics supposing a kinetic order 1. 
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C; = initial sugar concentration as glucose, g per L. 

C; = sugar concentration as glucose at steady state, g 
per L. 

M = yeast concentration at steady state, cells per L. 

@ = feeding rate, L per hr. 

@ = experiments without agitation. 

+ = experiments with agitation. 
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SUMMARY 


Experiments were carried out in an attempt to deter- 
mine the kinetic order of the continuous alcoholic fer- 
mentation of blackstrap molasses, varying the initial 
sugar concentration, the feeding rate, and the agitator 
speed. The results obtained lead to the conclusion that 
the kinetic order of the process is probably 0 to 0.5, 
and that the value n = —1, presented previously 
(Borzani, 1957), can not be admitted. 
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Maple Sirup 


XIII. Sterilizing Effect of Sunlight on Maple Sap in Transparent Tubes' 
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Within the last few years, transparent plastic tubing 
has been employed for the collection and transportation 
of maple sap directly from the taphole of the trees to 
the evaporator or roadside tank. Thus, in any one sugar 
bush, several miles of interconnected tubing are often 
required. The sap contained in this tubing can serve as 
a medium for growth of adventitious microorganisms. 
The deleterious effect of these microorganisms on the 
quality of maple sirup has been pointed out in other 
publications (Edson et al., 1912; Fabian and Buskirk, 
1935; Hayward and Pederson, 1946; Owens, 1949; 
Holgate, 1950; Porter et al., 1954; Naghski and Willits, 
1955; Naghski et al., 1957). A recent study in this 
laboratory (Naghski and Willits, 1953) demonstrated 
that the growth of microorganisms in contaminated 
maple sap was reduced by sunlight transmitted through 
transparent plastic collection bags. 

This phenomenon of induced changes in microorgan- 
isms caused by exposure to sunlight is not new. The 
first to observe the germicidal effect of sunlight were 
Downes and Blunt (1877, 1879). Since then papers have 
appeared which reported on the effect of sunlight on 
sporulation (Arloing, 1885a, b), germination (Roux, 
1887; Ward, 1893a, b), and on growth rates (Arloing, 
1885a, b; Ward, 1893a, b). 

Other investigations (Coblentz and Fulton, 1924; 
Meader, 1926; Buchbinder et al., 1941; Buttolph, 1955) 
have demonstrated that the most lethal portion of the 
sunlight spectrum is in the region of 265 mu. Whether 
the germicidal action of sunlight or ultraviolet radiation 
is the result of direct action on some cell component 
and/or indirectly through the formation of some sub- 
stance in the suspending medium as a result of irradia- 
tion has not been resolved (Jagger, 1958). 

Polyvinyl and polyethylene plastic tubings being 
used to transport maple sap are partially transparent 
in the visible and in the ultraviolet region of the spec- 
trum. This study was designed to show whether or not 
sufficient sunlight radiation in the ultraviolet region is 


1Mention of trade names does not imply endorsement by 
the U.S. Department of Agriculture over similar products not 


Mentioned. 

2 Eastern Utilization Research and Development Division, 
Agricultural Research Service, U. S. 
culture. 


Department of Agri- 


transmitted through this plastic tubing to effectively 
control or reduce the microbial flora of the contained 
sap. 


MATERIALS AND METHODS 


Organisms. Four bacterial strains, isolated previously 
from naturally contaminated maple sap, were em- 
ployed. The following temporary designations have been 
assigned (Naghski et al., 1957): Pseudomonas-11 (de- 
posited in the Northern Regional Research Laboratory 
and labeled NRRL B-1888), Pseudomonas-25 (NRRL 
B-1890), Flavobacterium-387 (NRRL B-1887), and 
Flavobacteritum-583. (NRRL _ B-1889). Stock cultures 
were maintained on nutrient agar slants. Inocula were 
grown on tryptone glucose yeast extract (TGY) agar 
for 24 hr at 27 C, washed from the surface with sterile 
distilled water, and diluted to the desired concentra- 
tion. Suspensions of mixed inocula were prepared by 
combining approximately equal numbers of the four 
strains. Initial concentrations of organisms in inoculated 
sap were estimated by plating with TGY agar and incu- 
bation at 27 C for 3 days. Sterile, frozen maple sap was 
thawed, as described previously (Naghski et al., 1957), 
transferred aseptically to sterile containers, and 
inoculated with the mixed suspension. 

Procedure for irradiation by sunlight. Tubing of four 
different materials (Pyrex, Vycor, polyethylene, and 
polyvinyl) were used. Polyvinyl tubing was obtained 
from two sources. A difference in composition may be 
inferred as polyvinyl no. 2 was more transparent to light 
in the 300 to 375 mu region than polyvinyl no. 1. The 
diameter and wall thickness of the tubes were compara- 
ble to and typical of tubing used in sap collection. The 
dimensions of each of the tubes are given in table 1. 

The Pyrex and Vycor tubes were sterilized by auto- 
claving. The plastic tubes were sanitized by washing 
with a detergent solution followed by rinses with hot 
tap water and, finally, with sterile distilled water. All 
tubes were closed with sterile stoppers after the inocu- 
lated sap had been introduced. The tubes of the five 
types were divided into three groups (designated A, B, 
and C) and treated as follows: 

Group A. Five ml of inoculated sap were placed in 
seven tubes of each of the five tube types. From these, 





142 H. A. FRANK AND C. O. WILLITS 


five sets were assembled, each containing seven tubes 


of the five tube types. These five sets were placed out- tube types contained only sterile sap. This group of 
of-doors and located with an unrestricted exposure to tubes was also divided into two subgroups, exposed and 
the sky. Another five sets, prepared in an identical nonexposed, as described for group A. Sets of tubes were 
manner, were also placed outdoors in the same location removed at the same time as those of group A and 
but in a light-proof box. Periodically, one set of tubes plated for the presence of contamination. This group 
from each of the two subgroups (exposed and non- of tubes (B) served as a check on the sterility of the 
exposed) was removed and the bacterial population uninoculated sap and of the tubes employed in this 
estimated by the plate count method. study. 


TABLE 1 


Dimensions of different types of tubing employed for exposure of 
inoculated maple sap to irradiation by sunlight 








Polyvinyl 
7 Polyeth- 
ylenet 


Pyrex$ | Vycor$ 


Dimensions (mm): 


Outer diameter........ 





Group B. Similar to group A except that the five 


Group C. This group was prepared and treated in 
the same manner as group B except that each set con- 
sisting of only two tubes of each of the five types was 
ee designed to investigate the germicidal properties of 
Tyee of Tubing sunlight-irradiated maple sap. The two subgroups 
—— — (exposed and nonexposed) were left out-of-doors for the 
rs duration of the experiment. The sterile sap was then 
No. 1* | No. 2t removed aseptically, transferred to a sterile test tube, 

inoculated with a small volume (about 0.1 ml) of a 
a a Sl ee mixed bacterial suspension, and incubated at 27 C. 
10 10 15 15 Growth in these inoculated saps was followed for 2 
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7 
Inner diameter........ 5 8 7 13 18 weeks by periodically measuring their turbidities at | 
E: ickness . . . 1 1.5 1 1 ~ . [ 
“a eo an oe poe . a 540 mu with a Coleman* model 14 spectrophotometer. | 
Og 7 5 é 25 5 Z ee : ; 
= eS eis Se Sean NM The spectral transmission of the plastic tube ma-| 
* Mapleflo, obtained from the Minnesota Mining and terials was determined on a cut, single thickness section 
Manufacturing Co., Irvington, New Jersey. - of the tubing mounted in a sandwich between quartz | 
t Purchased from A.C. Lamb and Sons, Liverpool, New : : : 
York plates moistened with glycerin to reduce surface 
t Obtained from Skyline Industries Sales, Inc., Titusville, scattering. 


Pennsylvania. 
§ Obtained from Corning Glass Company, Corning, New 
York. 


TABLE 2 


The temperatures and sunshine data were obtained 


3 Coleman Instruments, Inc., Maywood, Illinois. 


Effect of sunlight on a mized inoculum in maple sap contained in various types of tubing 





Bacterial Counts per Ml 





Date: | ; | Amount 








a. — oy om ton Polyvinyl no. 1 Polyvinyl no. 2 
Exposed Covered Exposed Covered 

days | min Cc 

ae eS a — | 26,000 26,000 | 26,000 26,000 
04 | 191 5.0 

6 144 | 103 4.4 112 15,300 | 15 10,800 

7 24 | 673 | 5.6 5 43,100 | 0 33,700 

8 | 344) 679 3.9 1 442,000 | 0 213,000 

9 | 414] 640 1.1 0 468 ,000 0, 2,980,000 

10 514 | 614 6.7 

11 614 | 600 6.1 

12 714 | 510 4.4 0 37,200,000 0) 41,700,000 

13 81g | 443 2.2 

14 | 94] 40 2.5 0 68,800,000 0 89,400,000 

15 | 101g | 482 | 4.4 

16 | 114%| 99 3.3 | 

17. |12%| 377 | 3.3 

18 | 1344 | 447 4.4 

19 | 14% 0 2.2 | | 

20 | 154) 0 1.1 | 0 55,000,000 | 0 92,000,000 








Polyethylene 
Exposed Covered Exposed 
26 ,000 26,000 26,000 
22 12,200 25 
0 32,600 0 
0 370,000 0 
0| 4,420,000 0 
0 | 44,000,000 0 
0 73,000,000 0 


0) 78,000,000 0 


Vycor 


Covered 


26,000 


17,100 
27 , 600 
511,000 


3,830,000 | 


41,000,000 | 


59,000 ,000 


65,000,000 


| Exposed 


26,000 


12 


o | 


0 
0 


0 


0 


0 | 57,000,000 


| Covered 


Pyrex 


26.000 


22, 800 
60,700 
257 , 000 





753,000 


' 
28 700,000 | 


27 , 500,000 
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he five} from the monthly climatological report of the United by the Vycor tubes, followed by Pyrex, polyethylene, 
oup of f States Weather Bureau for the area including the and the polyvinyls in decreasing order. 
ed and laboratory during the time of the experiments. Figure 1 shows the transmittance curves for the dif- 
es were ferent types of tubes and also a curve representing the 
4 RESULTS ; os : ep uias 
A and relative bactericidal effectiveness of radiation in the 
| ere — cai lis . ; hes 
| group Disinfection by sunlight. The germicidal effect of sun ultraviolet portion of the spectrum (Buttolph, 1955). 
; aeteria 1 2 ‘ 7 <6 eg y 7 ‘ »n 9 4° e i 
of the} light on bacteria inoc ulated in sap is shown in table 2. Since per cent transmittance by the different tube types 
in this The data show & comparison of the pagent wove is not the same over the spectral region of optimal 
‘iving microorganisms in sap conté , re +: o 4 pane 48 
ViVIng “iP — wet ee basen the - oie germicidal activity (235 to 310 my), no clear-cut com- 
ated j types of tubes exposed to sunlight wi ose in identica ; , 
ated inf typ I itis ; A parisons can be made. However, it can be seen that the 
et con- | tubes but not exposed. Destruction of the inoculum in : ; 3 ; : ; 
‘ ; . per cent transmittancy of Vycor in the region of maxi- 
yes was} all exposed tubes was rapid, being essentially complete ae 2 ; : 
; : . : : : mum germicidal effectiveness is the greatest of the 
‘ties of } in 1 day, with less than 2 days being required to di- A LE LEEEE i osapiete 
. ; vas " ; materials tested and is followe orde X 
groups | minish the counts from 26,000 to 5 per ml. Only 3 days nino acai I . ye wna ing? —_— and 
. “4: . Oo > ‘4 > y ris 9 Ss 
for the | were needed for complete sterility in all tube types. - ye Anat with: the polyviny!s transmitting only 
as then | The weather during this early period of exposure was apsteg 290 — A siti hones of the rate of reduction 
4 ta cold (approximately 5 C), with a large amount of sun- in the microbial population of inoculated sap in the five 
1) of a} Shine which proved ideal for showing the pronounced tube types corresponds favorably with the per cent 
97.) effects of sunlight irradiation. Growth of the inoculum transmission of ultraviolet radiation by these tubes in 
1 for 2 / in sap in the nonexposed tubes showed a progressive the spectral region of maximum germicidal activity. 
a : | increase after the usual lag phase. Growth in irradiated sap. The inhibitory effect of 
: | — Since most of the destruction of the inoculum by sun- sunlight-irradiated sap on microbial growth is shown in 
ometer. |). ; : ‘ cing é 
b light occurred during the first 1144 days of exposure, figure 2. Sterile sap was exposed, as described above, 
be ma- ; : ; ; ; ; “ 
tj and, since it was suspected that the greatest reduction to sunlight for 3 days (April 1 to 4, 1958) and then 
section : ' : : ; ‘ ; ee 
A occurred during the first half day, a second experiment seeded with a mixed bacterial suspension (initial con- 
quartz : : : a é as 
| ' was conducted in which samples were taken at shorter centration of about 2.5 X 10° cells per ml). Growth of 
surfacef .. . ; ; ; ; 
time intervals to obtain a more accurate measure of the the inoculum in nonexposed sap samples stored under 
beateal rate of destruction. The results of the second experiment the same conditions was virtually the same for all five 
btaine ps ; ; ; . 
are shown in table 3. The growth rates obtained in non- types of tubing. A composite curve was therefore con- 
exposed samples were somewhat higher than those ob- structed from these five essentially identical growth 
tained in the previous experiment (table 2) and can be curves and is shown in figure 2. The most pronounced 
attributed to the 3 to 5 C higher temperatures. Also, effect of sunlight radiation is seen in sap which was ex- 
the higher destruction rates during the early exposure posed in the Vycor tubes, that is, where complete in- 
a period are the result of the increased amount of sun- hibition of growth of the inoculum occurred. Sap ex- 
- shine that occurred when the second experiment was posed in the other tube types exhibited varying degrees 
ex run. By comparing the numbers of surviving micro- of prolongation of the lag phase, but they did not cause 
Covered | Organisms after 3 hr of exposure, the relative amounts complete inhibition of growth. A slight lowering of 
of lethal radiation transmitted by the different types maximal growth level occurred in all of the sap samples 
~ of tubing can be estimated. It can be seen (table 3) that regardless of the tube type in which they were exposed 
26. 2 oe m ‘ 2 ae 
the largest amount of lethal radiation was transmitted to sunlight irradiation. 
22,800 
ap TABLE 3 
phy Effect of sunlight on a mized inoculum in maple sap contained in various types of tubing 
f00,UU a eS: SER Ea Be eee eS ae ore ee: aa 
' 
Bacterial Counts per Ml 
Date: Expo- | Amount | aye ? is ] , 7 
} April, | “XP | Sunshine Te 8 Polyvinyl no. 1 Polyvinyl no. 2 Polyethylene Vycor Pyrex 
ie Biss | SPF | per Day | *™P ; | | 
8, 700,000 | : I ; $$ | | ~—— —__—_— 
Exposed Covered Exposed Covered | Exposed Covered Exposed | Covered Exposed| Covered 
7 , 500,00 F — — | ———<$<_|—_—_———_— ——|— | - = —}— aes 
hr min ¢ } | 
1 0 — | — |30,000 30,000 | 30,000 30,000 | 30,000 30,000 30,000 30,000 | 30,000 | 30,000 
1 3 — — 4,600 21,400 660 13,400 | 257 19,900 21 | 29 , 600 143 | 23 , 300 
1 6 530 8.3 38 24,600 6 20,200 | 0 22,500 0 23 , 200 3 24,000 
2 24 744 | 8.9 8 30,000 0 23,000 | 0 33,000 | 0 58,000 0 44,000 
3 48 670 8.3 2 840 ,000 0 770,000 | 0} 1,050,000 | 0 | 700 , 000 0} 1,310,000 
57 ,000 , 000 4 72 590 8.3 0| 18,700,000 0 20,700,000 0) 11,800,000 0 24,200,000 0| 30,800,000 
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DiIscuSSION 

These experiments were conducted during the maple 
sap season so that the sunlight spectrum and the out- 
door temperatures would be typical of those encoun- 
tered in maple sap operations. 

These results confirm the germicidal effectiveness of 
sunlight against microorganisms in maple sap (Naghski 
and Willits, 1953) and show that the degree of microbial 
destruction is related to the dosage of ultraviolet radia- 
tion to which they are exposed. The germicidal effects 
obtained when exposed saps were contained in Vycor 
and in Pyrex could not be attributed to soluble toxic 
substances derived from the walls of the tubing since 
Vycor and Pyrex are insoluble under the conditions of 
these experiments.‘ Nor could the germicidal effects 
obtained when the saps were contained in plastic tubes 
be attributed to soluble toxic substances derived either 
from the plasticizer or decomposition products of the 


* Data supplied by Corning Glass Company, Corning, New 


York. 
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Figure 1. Spectral transmittance of several types of tubing 
and a curve representing relative germicidal effectiveness of 
radiant energy (after Buttolph, 1955). 
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Figure 2. Growth of a mixed bacterial inoculum suspended 
in sap which had been exposed to sunlight radiation for 3 days 
while being contained in various types of transparent tubing. 
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plastic since growth of the inoculum in nonexposed sap 
occurred at the same rate for all tube types. This con- 
firms the work of Walter et al. (1958) who reported no 
observable effect of plastics on growth of micro- 
organisms. 

When maple sap is transported through plastic 
tubing (transparent to ultraviolet radiation, especially 
in the region below 310 mu), two phenomena occur, 
The transmitted ultraviolet radiation has a germicidal 
effect and the temperature influences the microbial 
growth rate. During that part of the maple season when 
temperatures are near freezing (usually early in the 
season) the growth rate is slow and the effect of ultra- 
violet radiation predominates and the transported sap 
will have a low microbial count. Under the same low 
temperature conditions, the ultraviolet radiation effect 
is lessened when days are cloudy or the tubing is 
shadowed or covered by snow. The net effect of these 
conditions is that the cell count remains low because of 
the low temperature, even though there is not enough 
sunlight to cause sterilization of the sap. 

When warmer weather prevails, usually toward the | 
end of the sap season, the growth rate is greatly ac- | 
celerated and, in spite of the ultraviolet irradiation, an 
increase in cell count occurs. This becomes pronounced 
with diminished sunlight caused by cloudy weather | 
and by warm nights. The increased flora of the sap, if 
excessive, will result in the production of a lower grade 
(that is, darker) maple sirup as well as a buildup of 
microbial debris on the inner surface of the tubing. The 
latter, if not corrected by sanitizing and washing could, 
on continued use of the tubing, cause spoilage of the 
sap crop of the following year and, because of its dark 
color, cause diminished transparency of the tubing. 

This work has shown that sap irradiated with sun- 
light acquires germicidal properties. This is consistent 
with the observations of Coblentz and Fulton (1924), 
Blank and Arnold (1935), Baumgartner (1936), Stone 
et al. (1947), Novick and Szilard (1949), and Northrop | 
(1957). 

These two effects of sunlight irradiation on sap being | 
transported by transparent, plastic tubing, the direct | 
germicidal action on the microorganisms and the in- | 
duced germicidal properties of sap, contribute to the | 
production of high quality maple sirup. 


F 
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SUMMARY 


When inoculated maple sap, contained in different | 
types of tubes, is exposed to sunlight, the relative 
amount of germicidal activity is related to the trans- | 
parency of the tubing to ultraviolet radiation. 
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The germicidal activity of sunlight is due mainly to 
its effect on the microbial cells and, to a lesser extent, 
on the sap. The net effect, microbial growth, is influ- 
enced by the environmental temperature as well as by 
ultraviolet irradiation. 

The cell count in sap in plastic tubing used for the 
transportation of sap in sugar bushes will be influenced 
by the transparency of the tubing to ultraviolet irradia- 
tion, to the length of the day, the amount of sunlight, 
and to the temperature of the sap. 
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Since the introduction in 1933 (Kluyver and Perquin, 
1933) of the shaker flask method of culturing fungi this 
technique has found widespread use in fungus physi- 
ology (Foster, 1949). It was used for spore germination 
studies by Davies et al. (1948) and Mandels and 
Norton (1948). The measurement of antifungal ac- 
tivity, however, has been accomplished by the more 
conventional methods making use of agar plates, hang- 
ing drops, moist chambers, and more elaborate tech- 
niques (Horsfall, 1946). This paper describes the assay 
of fungicides by spore germination in shaker flasks. 


MATERIALS AND METHODS 


The required number of shaker flasks (125-ml 
Erlenmeyer) were fastened to a shallow tray by means 
of double-coated pressure-sensitive tape.' The flasks 
were loaded using a 5-ml automatic pipette. The several 
components were made up in concentrated form so as 
to give the final desired concentration when mutually 
diluted with the others. Aseptic methods are not neces- 
sary. The usual order for loading the flasks was as fol- 
lows: buffer, substrate, fungicide, spore suspension. All 
flasks were brought to the same final volume with 
distilled water. The loaded flasks were loosely plugged, 
and the tray was transferred to a shaking machine in 
an incubator. The tray was also attached to the shaker 
by double-coated tape. After the desired incubation 
(4 hr), the cultures were removed and either preserved 
with formalin for future study or sampled and mounted 
in lacto-phenol plus cotton blue. Since the process of 
germination in fungus spores is progressive over a period 
of time and blends gradually into hyphal growth, it is 
necessary to decide arbitrarily at what point a given 
spore may be considered germinated. This is here de- 
fined as the stage at which the protruding germ tube 
is as long as it is wide as illustrated by Mandels and 
Darby (1953). Per cent germination was calculated 
from a count of several hundred spores. 

In experiments reported here the buffer used was 
0.025 m potassium phosphate, pH 6.8; the substrate 
was 0.1 per cent sucrose plus 0.1 per cent yeast extract; 
the organism was Myrothecium verrucaria (Alb. and 
Schw.) Ditm. ex Fr. strain QM 460. The method of 


1 The pressure-sensitive tape no. 400 (Minnesota Mining 
and Manufacturing Company, St. Paul, Minnesota) has been 
found suitable. 
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propagating the organism and preparing the spore sus- 
pension have been previously described (Mandels and 
Darby, 1953). The washed suspension was adjusted to 
provide a final concentration of 1 to 5 X 10° spores per 
ml. The flasks were shaken at 225 rpm on a rotary 
shaker at 30 C. 


RESULTS 


The method is illustrated by the results of three 
studies: an ordinary dosage-response test, a kinetic 
study, and a study of fungicides in combination. 

lor single compounds the results of three replicate 
experiments are shown in figure 1 in which sodium 
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Figure 1. Inhibition of germination of spores of Myrothe- 
cium verrucaria in shaker flasks by sodium pentachlorophenate 
(NaPCP). Data from three replicate experiments. Substrate = 
sucrose, 0.1 per cent; yeast extract, 0.1 per cent. Incubation = 
4 hr at 30 C. Spore concentration = 2.7 to 4.4 X 10° per ml. 
Age of spores = 14 days. 
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pentachlorophenate (NaPCP) was tested at 10~* to 
10 m. An average curve, fitted by eye, indicates that 
the EDso (dosage for 50 per cent inhibition) is about 
18 X 10-°' mM NaPCP. 

Data of the progress of germination with time are 
readily obtained by taking successive harvests from the 
same flasks. This is illustrated in figure 2 which shows 
the germination curves for four levels of copper 8- 
quinolinolate (Cu-8). The same data are presented in 
table 1 expressed as per cent of control germination. 
This shows the relative effect of Cu-8 with time. 

The use of the method for fungicide combinations is 
illustrated in table 2. In this experiment zine dimethyl- 
dithiocarbamate (ZnDDC) and 2-mercaptobenzothia- 
zole (2-MBT) were combined factorially over their 
partially effective ranges. 

The results show that various combinations of the 
two compounds may have qualitatively different effects 
on germination. Thus, the addition of 1 X 10-§ 
ZnDDC to 1 X 10-5 m 2-MBT causes a reversal of the 
effect of the latter, and the addition of 1 X 10-° M 
2-MBT to 3.16 X 10-§m ZnDDC also causes a reversal. 
Other combinations suggest no joint effect except that 
with 3.16  10-° m 2-MBT and 2 X 10-§ m ZnDDC 
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Figure 2. Inhibition of germination of spores of Myro- 
thecium verrucaria in the presence of copper 8-quinolinolate. 
Substrate = sucrose, 0.1 per cent; yeast extract, 0.1 per cent. 
Harvest at 2, 3, 4, 5, and 6 hr. Spore concentration = 4.8 X 
105 per ml. Age of spores = 8 days. 
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there is a greatly enhanced inhibition of germination 
which suggests a synergistic effect. 
DIscussIoN 

The rather good agreement of the results of the three 
replicate experiments in figure 1 compares favorably 
with results obtained by more conventional methods 
(Horsfall, 1956). The speed and ease with which they 
were obtained, the elimination of aseptic techniques, 
and better control of conditions such as pH, aeration, 
and nutrition afforded by the shaker flasks recommend 
the method for routine or detailed studies of fungicides. 

The choice of 4 hr incubation as a standard was made 
from studies as illustrated in figure 2. At 4 hr the con- 
trol flasks show essentially 100 per cent germination, 
and the experimental flasks show the greatest differ- 
entiation. 

Prolonged incubation or too dense a suspension is 
likely to cause some clumping as the sporelings elongate, 
and this may interfere with accurate counting. Con- 
versely, a short incubation militates against adaptation 
of the organism to the fungicide. 

Other organisms have been successfully used includ- 
ing Memnoniella echinata, Alternaria tenuis, and several 


TABLE 1 


Germination of spores of Myrothecium verrucaria in the presence 
of copper 8-quinolinolate (Cu-8)* 








| Per Cent of Control Germination} at Hr: 
Conc of Cu-8 _—— Seiicihie 





| 2 3 4 a 
M | | 
10-5 | 48. | 80 so | 99 | 
1077 | 20 70 | 8603) ae 
10-6 0 0 6 | 21 | 52 
10-5 | 0 0 0 | Oo 0 





* Conditions as for figure 2. 
+ Germination of controls without Cu-8 taken as 100 per 
cent. 


TABLE 2 

Germination of spores of Myrothecium verrucaria in the presence 
of mixtures of zinc dimethyldithiocarbamate (ZnDDC) 

and 2-mercaptobenzothiazole (2-MBT)* 








| Per Cent Germination per Conc of ZnDDC (m): 
Conc of 2-MBT : 


2 X 10-6 | 3.16 K 10-6 


| 0 (control) | 1X 107° | | 
ee $$ | ———_—____| —— — a sae de 
M | | 
0 (control) | 100 100 88 | 0 
1X 10° | 80 100t 61 | 36t 
3.16 X 10-5 | 69 70 ag | 7 
1.16" 13 | 1 | 0 | 0 





* Substrate = sucrose, 0.1 per cent; yeast extract, 0.1 per 
cent. Incubation = 4 hr at 30 C. Spore concentration = 4.2 X 
10-* per ml. Age of spores = 28 days. 

+ Reversal. 

t Synergism. 
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species of Aspergillus and Penicillium. Saccharomyces 
cerevisiae presented some difficulty in determining 
which cells had budded or divided. In general, the 
organisms best adapted to the technique are those 
that produce large single-celled spores borne profusely 
in a moist condition and which germinate readily on a 
simple medium. 


SUMMARY 


A rapid, simple method is proposed for evaluating 
fungicides by the inhibition of spore germination in 
shaker flasks. This method is completed in a few hours 
incubation, does not require asepsis, is reproducible, 
and is suitable for a variety of applications. 


H. H. KUEHN AND P. F. CROSBY 
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The basic carbon, nitrogen, and growth factor re- 
quirements for Eidamella deflexa (Berk.) Benjamin 
have been investigated in two recent publications 
(Kuehn and Crosby, 1960a, b). The effect of various 
chemical constituents of the medium was investigated 
upon a water-soluble red pigment elaborated by this 
fungus. Experimental results demonstrated that the 
relative availability of the various carbon sources was 
dependent upon the source of nitrogen which was 
employed, and conversely, the nature of the carbon 
source determined the growth response with various 
nitrogen sources. In a synthetic medium with glycine 
as the nitrogen source, sorbitol, maltose, and lactose 
were the best carbon sources for growth. The highest 
levels of glycine and maltose which were tested, 5 per 
cent of each, produced the most growth. Various growth 
factor requirements were elucidated, including, at the 
optimal concentrations indicated, 0.1 mg per cent 
biotin, 8 mg per cent uracil, and 0.1 mg per cent thia- 
mine. However, in earlier studies (Kuehn and Crosby, 
1960a) on carbon and nitrogen utilization, the basal 
medium was not supplemented with inorganic com- 
pounds nor with vitamins or other growth factors. The 
series of experiments reported herein was designed to 
(a) compare various carbohydrates as carbon sources 
in a synthetic medium with glycine as the nitrogen 
source and supplemented with minerals and growth 
factors, and (b) to compare glycine with certain com- 


plex nitrogenous materials using an inexpensive source 
of carbohydrate in an effort to develop a_ practical 
medium which might permit economical commercial 
production of the red pigment elaborated by F. deflexa. 
Studies on the isolation, purification, and chemical 


properties of the pigment are still in progress. 


MATERIALS AND METHODS 


The strain of FE. deflera used was the same as re- 
ported in earlier work and is designated as RSA (Rancho 
Santa Ana Botanical Garden) 57. In one experiment a 


second strain of this species, RSA 203, was used. 


The experimental procedures were the same as those 
presented and discussed in detail previously (IXuehn 
and Crosby, 1959, 1960a, b). Cultures were grown in 
duplicate in 100 ml medium in 500-ml Erlenmeyer 
flasks which were incubated for a desired period of time 
on a reciprocating shaker at 28 C. The experimental 
flasks were inoculated with 2 per cent of 5- to 12-day-old 
submerged growth brought up in inoculum flasks of 
the same medium as the test medium. The mycelium 
was removed by centrifugation and the dry weight was 
measured. Intensity of pigment production was meas- | 
ured at a 1:100 dilution of the culture filtrate against a 
water blank using a Bausch and Lomb Spectronic! 20 


1 Bausch and Lomb Optical Company, Rochester, New 


York. 
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colorimeter at a wave length of 450 my in optically clear 
18-mm diameter test tubes. 

In a series of experiments various carbohydrates 
were compared for their availability as carbon sources. 
In these experiments the basal medium consisted of : 
glycine, 1.5 per cent; carbohydrate, 4 per cent; thia- 
mine, 0.1 mg per cent; biotin, 0.2 mg per cent; uracil, 
8 mg per cent; MgSO,-7H.O, 0.2 per cent; K:HPOs,, 
0.2 per cent; ZnSO,-7H.O, 5 mg per cent; and eSO,- 
7H.0, 5 mg per cent, at pH 5.0. These amounts of 
thiamine,* biotin, and uracil had been shown to be 
optimum (Kuehn and Crosby, 1960a, b), while certain 
unpublished results demonstrated that the indicated 
levels of the inorganic compounds were beneficial for 
growth. The inoculum used for these experiments was 
7 days old. The flasks were placed on the shaking 
machine simultaneously and duplicate flasks were re- 
moved from the shaker at approximately regular daily 
intervals. 

Several experiments were performed in an endeavor 
to develop an inexpensive medium using 4 per cent 
‘arbohydrate and either 0.5, 1.0, or 2.0 per cent of the 
nitrogen source. Also, for the first time in our studies, 
another strain of FL. deflexa, RSA 203, was employed 
in these experiments together with strain RSA 57. 


RESULTS AND DISCUSSION 


Earlier experimental data (Kuehn and Crosby, 1960a, 
b) indicated that, in a medium consisting only of a 
‘arbon and a nitrogen source, several carbohydrates 
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Figure 1. Growth of Eidamella deflera as a function of time 
with the carbohydrates 
starch, and sorbitol. 
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permitted good growth and elaboration of pigment. 
Maltose, sorbitol, and soluble starch were among such 
varbohydrates. Under similar conditions glucose and 
sucrose were inferior in supporting production of my- 
celium. Each of these carbohydrates was supplied 
singly in a medium supplemented with growth factors 
and inorganic compounds. Figure 1 illustrates the 
growth curves for E. deflexa with each of the following 
carbohydrates as carbon sources: sucrose, maltose, 
soluble starch, and sorbitol. The shape of the growth 
curve was approximately the same for all four carbo- 
hydrates. However, sucrose supported a slightly greater 
amount of mycelium production, whereas maltose 
permitted a slightly less amount of growth than the 
other three compounds. The optimal production of 
growth occurred on the fifth day with sucrose, soluble 
starch, and sorbitol, whereas the growth peak came on 
the seventh day with maltose. Repeated tests showed 
that although maltose at times supported more growth 
than sucrose, the growth peak invariably occurred on 
the seventh day of incubation. 

ligure 2 illustrates the rate of pigment synthesis 
with each of the four carbohydrates: sucrose, maltose, 
sorbitol, and soluble starch. The curves revealed that 
onset of pigment elaboration was similar for these 
compounds. Maltose was far superior in supporting 
pigment production. In several experiments with mal- 
tose, pigmentation increased through the 16th day 
after which time the amount of pigment decreased 
somewhat. Sucrose was able to support a degree of 
pigmentation slightly higher than either sorbitol or 
soluble starch. 

Preliminary studies showed that approximately all of 
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Figure 2. Synthesis of pigment by Eidamella deflera as a 
function of time with each of the carbohydrates sucrose, 
maltose, soluble starch, and sorbitol. 
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the glucose was utilized after the seventh day. There- 
fore, in an endeavor to study the effects of added glu- 
cose during the growth cycle, a sterile 3 per cent glu- 
cose solution was added aseptically to each flask on 
the eighth day of incubation. Figure 3 depicts the ef- 
fects of the added glucose compared to the flask to 
which no glucose was added (controls). Since the test 
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Figure 3. Relationship between growth and pigment syn- 
thesis of Eidamella deflera with glucose as the source of carbon, 
and the effects of glucose added during the incubation period. 
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Figure 4. Growth, pigment synthesis and degree of pH 
change brought about by Eidamella deflera in a sucrose- 
peptone medium at two different initial pH levels. 
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conditions were equivalent to those in which sucrose, 
soluble starch, sorbitol, and maltose were used, the 
glucose data may be compared with data for the other 
four carbohydrates. Comparison of the growth curves 
revealed that glucose supported a maximal weight of 
mycelium of 1.6 g in 6 days, surpassing the other four 
carbohydrates in that respect. However, glucose was 
inferior to all other four compounds in supporting 
pigment production. 

Adding glucose to the medium following depletion 
of the original glucose resulted in a second burst of 
growth accompanied by a rapid decrease in pH and a 
slight decrease in pigmentation. As growth ceased the 
pH increased to the same level as that attained in the 
control flasks. Similarly, as growth ceased pigment 
elaboration increased to achieve the same level as in 
the control flasks. 

Comparison of figures 1 and 2 shows that the rate of 
pigment synthesis increased sharply with cessation of 
mycelium production. Thus, maximal pigmentation 
was attained from 1 to 4 days following the production 
of maximal cellular material. 


Considerable interest was aroused concerning the | 


TABLE 1 
Growth and pigmentation of Eidamella deflera RSA 203 with 








several sources of carbon and nitrogen 
Ter- ha wall 
Carbon Source |Conc| Nitrogen Source |Conc | mival nea se 
| % % | a 
Glucose ee .| 4 | Peptone 1 | 4.3 | 0.161 | 324 
Glucose...........| 4 | Corn steep | 1 | 4.4 | 0.036 | 712 
Soluble starch. .... 4 | Peptone 1 | 4.7 | 0.022 | 676 
Soluble starch..... 4 | Corn steep | 1 | 8.2 | 0.018 | 329 
Soluble starch. .... 4 | Corn steep | 0.5) 4.0 | 0.041 | 454 
Soluble starch.....; 4 | Corn steep | 2 | 8.2 | 0.027 | 342 
Soluble starch. .... 2 | Corn steep | 2 | 8.4 | 0.018 | 294 
Sucrose. 4 | Peptone 1 | 4.5 | 0.284 | 449 
Sucrose. ... 4 | Corn steep | 1 | 5.0 | 0.061 | 656 
Sucrose 4 | Corn steep | 0.5) 5.0 | 0.022 461 
TABLE 2 
Growth and pigmentation of Eidamella deflerca RSA 57 with 
several sources of carbon and nitrogen 
| Ter- os i 
Carbon Source Conc | Nitrogen Source |Conc | —_ petical ees 
o7 “, a mg/1H) 
o /0 ml 
Glucose 4 | Peptone | 1 | 4.7 | 0.061 | 425 
Glucose 4 | Corn steep | 1 | 4.8 | 0.119 (1258 
Soluble starch.....| 4 | Peptone 1 | 4.4 | 0.133 | 998 
Soluble starch 4 | Corn steep | 1 | 4.6 | 0.137 | 466 
Soluble starch 4 | Corn steep | 0.5 4.0 | 0.068 | 393 
Soluble starch 4 Corn steep | 2 | 5.2 | 0.066 1203 
Soluble starch. . 2 | Corn steep | 2 | 7.4 | 0.036 | 883 
Sucrose.... 4 | Peptone 1 | 4.5 | 0.097 | 665 
Sucrose 4 | Corn steep | 1 | 5.0 | 0.095 {1018 
Sucrose. cee 4 | Corn steep | 0.5) 4.8 | 0.041 | 824 
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possible economic significance of the water-soluble red 
pigment produced by EL. deflexa in shaken flasks. Hence, 
a search was made for a growth medium with inexpen- 
sive ingredients. Of the five carbohydrates which were 
tested in this series of experiments, the most inexpen- 
sive compounds, glucose and soluble starch, supported 
the poorest pigment production. For this reason, 
sucrose was selected for further studies since it pro- 
vided a degree of pigmentation second only to the 
costly maltose (figure 2). 

Studies of the rate of growth and pigment synthesis 
were made in a 4 per cent sucrose-l per cent peptone 
medium at two pH levels, 5.0 and 7.0. The results are 
shown in figure 4, which illustrates that there is essen- 
tially no difference between the growth rate or the final 
total amount of mycelium at these two pH levels, 
although the rate of growth during the first day was 
slightly greater at pH 7.0. Comparison of the pigment 
curves showed no essential difference between the two 
pH levels for the first 7 days of incubation. However, 
on the seventh day a tremendous increase occurred in 
the flasks of initial pH 7.0 so that in 2 to 3 days about 
3 times as much pigment was present as with an initial 
pH of 5.0. The reason for this difference in pigmenta- 
tion may be sought in the changes in pH during incuba- 
tion of the two sets of flasks. The pH curves correspond 
from the second day of incubation through the sixth 
day, but then diverge, with a rise in pH in those flasks 
with initial pH 7.0. The other set of flasks with initial 
pH 5.0 undergo a drop in pH. The net result is a dif- 
ference in pH of 1.2 units. It has been found through- 
out our experience with FH. deflera that an increase in 
pH during the final stages of the incubation period was 
associated with an increase in pigment synthesis. How- 
ever, we have not determined which is the causal factor 
and which is the resultant factor. 

Kuehn and Crosby (1960b) found that peptone and 
corn steep liquor supported better growth of EF. deflexa 
than did glycine, but that peptone was inferior to 
glycine in supporting pigment elaboration while corn 
steep liquor was slightly superior to glycine for both 
growth and pigment production. However, more recent 
data have indicated that a glycine-maltose medium 
supplemented with inorganic salts and certain growth 
factors was equivalent or superidr to a medium con- 
taining peptone or corn steep liquor with respect to 
both growth and pigment production (Kuehn and 
Crosby, 1960b). Nevertheless, two strains of FE. deflexa 
were cultured in media containing glucose, soluble 
starch or sucrose plus either peptone or corn steep 
liquor to obtain data regarding the best inexpensive 
medium for possible commercial production of the 
pigment. The initial pH of the medium was adjusted 
to 7.0. Results are presented in tables 1 and 2. Only in 
a sucrose-peptone medium did strain RSA 203 produce 
a degree of pigmentation approaching that produced 
by strain RSA 57 in the sucrose-glycine or maltose- 
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glycine medium (figure 2). Strain RSA 57 produced 
the most growth in the glucose-corn steep liquor and 
4 per cent soluble starch-2 per cent corn steep liquor 
medium, and the highest pigmentation in the soluble 
starch-peptone and 4 per cent soluble starch-1 per 
cent corn steep liquor medium. However, the degree 
of pigmentation in the latter medium was considerably 
less than that produced in defined sucrose-glycine or 
maltose-glycine basal medium. 


SUMMARY 


Eidamella deflexa (Berk.) Benjamin was cultured in 
shaken flasks in a basal medium of the following compo- 
sition: carbohydrate, 4 per cent; glycine; 1.5 per cent; 
thiamine, 0.1 mg per cent; biotin, 0.2 mg per cent; 
uracil, 8 mg per cent; MgSO,-7H,O, 0.2 per cent; 
K;HPO,, 0.2 per cent; ZnSO,-7H.O, 5 mg per cent; 
and FeSO,-7H20, 5 mg per cent at pH 5.0. Of the 
carbohydrates tested, glucose permitted the greatest 
production of mycelium followed in order by sucrose, 
soluble starch, sorbitol, and maltose, in a 5- to 7-day 
period of incubation. 

Maltose supported the greatest degree of pigmenta- 
tion followed in order by sucrose, sorbitol, soluble 
starch, and glucose. Pigment production reached great- 
est intensity in 6 to 16 days depending upon the carbon 
source. 

Additional glucose added during the incubation 
period resulted in another burst of growth to reach a 
second, higher peak, an initial decrease in pH and a 
slight decrease in pigmentation. The pH as well as the 
degree of pigmentation subsequently rose to the con- 
trol levels. 

A search was made for an economical medium for 
possible commercial production of the red pigment. 
Growth and pigmentation were compared in a sucrose- 
peptone medium at each of two initial pH levels. An 
initial pH of 7.0 was superior to pH 5.0 for pigment 
production. 

Two strains of EF. deflera (RSA 57 and RSA 203) 
were compared in media with glucose, soluble starch, 
or sucrose as the carbon source, and either peptone or 
corn steep liquor as the nitrogen source. The amount of 
pigment produced by strain RSA 57 in sucrose-glycine 
and maltose-glycine medium was similar to that in 
sucrose-peptone medium with strain RSA 203. 
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This paper presents a practical method for disinfect- 
ing large enclosures with 6-propiolactone (BPL) vapor, 
as well as precautions to be taken when using the 
chemical. Included are the summaries of tests in which 
a U.S. Army barrack, a hospital ward dayroom, an 
entire hospital wing, and a wing of an animal housing 
building were treated by the described procedure. 

The application of liquid disinfectants to decon- 
taminate large enclosed areas, such as warehouses, 
hospital wards, biological and pharmaceutical labora- 
tories, and animal quarters, is not only tedious and 
uncertain because of the expanse of the surfaces, but 
frequently results in corrosion or other damage. The 
ideal method of decontaminating such areas is by the 
use of a bactericidal gas which will permeate the en- 
closure and sterilize all surfaces as well as the immediate 
air. The gaseous sterilant should not be so penetrating 
that it cannot be contained long enough to sterilize 
the enclosure, nor should it produce deposits or residues 
which require removal. In addition, the agent should 
not be corrosive at the concentration recommended 
for use. 

The chemicals which have been used as gaseous dis- 
infectants in the past fall short of the limitations set 
forth above. For example, chlorine and sulfur dioxide 
are too corrosive; formaldehyde tends to deposit as a 
solid polymer which slowly reverts to the irritating 
gaseous form, thus posing a problem of aeration follow- 
ing use; and ethylene oxide gas is so penetrating that 
it escapes all but tightly sealed containers, such as 
autoclaves. 8-Propiolactone! vapor on the other hand 
appears to meet more closely the above criteria and 
thus is a more suitable gaseous disinfectant for rooms 
or buildings (Hoffman and Warshowsky, 1958). 

8-Propiolactone is a colorless liquid at room tem- 
perature. It boils at 162 .C, has a specific gravity of 
1.1490, and a vapor pressure of about 3.4 mm Hg at 
25 C. The commercial grade lactone (97 per cent BPL) 
is recommended for use in building decontamination 
because it is considerably cheaper than the purified 
grade. In use concentration the vapor is nonflammable 
and noncorrosive. However BPL is toxic to man. This 
property is discussed under the section entitled ‘‘Pre- 

‘autions.”’ 


1 Celanese Corporation of America, New York, New York. 


BPL vapor was shown in this laboratory to have 
sporicidal, bactericidal, rickettsicidal, and virucidal 
properties. Hoffman and Warshowsky (1958) reported 
that BPL vapor effectively inactivates Bacillus subtilis 
var. niger spores and Staphylococcus aureus cells. Daw- 
son et al. (1959, 1960) found BPL vapor to inactivate 
the causative agents of Venezuelan equine encephalo- 
myelitis, smallpox, yellow fever, psittacosis, and Q 
fever. Unpublished studies in the authors’ laboratory 
demonstrate that the chemical vapor is also effective 
against Bacillus anthracis spores, Clostridium sporogenes 
spores, and \J/ycobacterium tuberculosis. 


GENERAL METHOD FOR DISINFECTING ENCLOSED 
SPAcES WITH BPL Vapor 


The following procedure is applicable to the disinfec- 
tion of chambers, rooms, and large buildings. 

Preparation of the structure. It is not necessary that 
an enclosure be airtight to decontaminate the interior 
with BPL; however it is advisable to seal large cracks 
with masking tape to prevent loss of the chemical. 
Naturally all air conditioners and ventilating systems 
which might extract the vapor should be shut off and 
preferably sealed. If only one room or a part of a build- 
ing is to be treated, special care should be taken to seal 
crevices through which the chemical might seep into 
adjoining rooms where an intolerable concentration 
might ensue. The room (or rooms) should have a 
separate source of ventilation such as an outside window 
or door which can be opened for aeration purposes fol- 
lowing the lactone treatment. 

All cabinets, drawers, and inside doors should be 
opened to facilitate contact with the disinfectant. 
Moreover, it is recommended that electric fans be 
placed in critical locations to assure circulation of the 
BPL vapor down corridors, into side rooms, and even 
under furniture. 

Temperature and relative humidity. The bactericidal 
activity of BPL vapor is a direct function of the con- 
centration, relative humidity, and temperature at 
which it is used. For optimal activity, it is recommended 
that the temperature be maintained above 24 C (75 F) 
and the relative humidity be kept at 70 per cent or 
higher. The effectiveness of this disinfectant decreases 
rapidly as the relative humidity drops below 70 per 
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cent. As shown by Hoffman and Warshowsky (1958) 
the relative humidity is much more critical than the 
temperature in determining the rate of microbial in- 
activation with BPL. 

Most structures are equipped with a heating system 
by which the temperature can be maintained at 24 C 
or higher. If necessary, the relative humidity can be 
elevated by an aerosol of water from a vaporizer or the 
same device used to disseminate the disinfectant. Once 
the humidity has been elevated, it is often necessary to 
continue to spray water at a reduced rate to maintain 
the high relative humidity. This can be done by the 
use of one or more small vaporizers. If the room is 
equipped with an autoclave, both the temperature and 
the relative humidity may be increased by opening the 
autoclave door, releasing the steam until the desired 
conditions are reached, then lowering the steam to 
maintain these conditions. A recording hygrothermo- 
graph is useful for reference at this time and during the 
exposure. 

Dissemination of the lactone. The recommended initial 
concentration of BPL to decontaminate an enclosure 
is 2 to 4 mg per L of air. To obtain this concentration 
it is generally necessary to aerosolize 9 to 12 mg BPL per 
L of air. The exact amount will depend upon the effi- 
ciency of the sprayer and the nature and quantity of 
adsorptive material present in the room. In other words, 
aroom which has a large quantity of highly adsorptive 
material such as rugs, drapes, overstuffed furniture, 
and so forth, would require the dissemination of con- 
siderably more of the lactone than a room without 
these materials. To decontaminate an ordinary labora- 
tory or room, disseminate 1 gallon of BPL for each 
16,000 cubic feet of space. To decontaminate rooms 
having an unusual amount of adsorptive surface, spray 
1 gallon of the lactone for each 12,000 cubic feet. The 
spraying of more than 1 gallon of the lactone per 12,000 
cubic feet of space, or the use of an inefficient spray 
device, can result in the liquid lactone condensing on 
some surfaces. 

Almost any commercial insecticide sprayer may be 
used to disseminate the BPL. Two requirements are 
placed on the selection of a spray device. Virst, it must 
disseminate the chemical in sufficiently small particle 
size to prevent falling out or “raining” on surfaces; 
and second, if the device is a thermal type generator, 
the chemical should not be subjected to a temperature 
high enough to cause decomposition. If the spray 
device has selected spray rate settings, it is usually ad- 
visable to spray at the finest setting and thus spray a 
longer time. If the sprayers are electrically powered, 
they may be filled, placed in the room, and controlled 
With an outside master switch. One or more smaller 
portable atomizers are convenient for the treatment of 
rooms. 


At the recommended 2 to 4 mg of BPL per L of air 
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and 2 hr contact time, no damage to material by the 
lactone vapor has been observed. However, care should 
be taken when spraying. Liquid lactone can collect on 
surfaces if the sprayer disseminates too large a particle 
or if the sprayer is positioned too close to surfaces. 
Extended contact with the liquid can have two effects 
on the surfaces: (a) it may leave a residue that is dif- 
ficult to remove and (b) it can dissolve or craze certain 
finishes (wax, varnish, and some paints) or plastics. 
If an excess of the liquid should deposit on flooring 
near the sprayer, it can usually be washed off without 
damage, although rewaxing will probably be necessary. 

Contact time and subsequent aeration. The recom- 
mended contact time for sterilization by this procedure 
is 2 hr. At the end of the 2-hr period, doors and windows 
should be opened to facilitate aeration of the enclosure. 
If only the upper story of a building is treated, the 
windows of the floor beneath should be closed to prevent 
entry of the vapor. If it is necessary to enter the en- 
closure to open the windows, a gas mask with a char- 
coal canister must be worn, since the concentration of 
BPL will still be above that which can be tolerated by 
man. lorced ventilation with exhaust fans will shorten 
the aeration period. The treated area should be aerated 
until the lactone odor has disappeared or is unobjec- 
tionable. 

Quantitative analysis of BPL. If desirable, the BPL 
rapor concentration can be determined during the 
exposure by withdrawing air samples and analyzing 
them spectrometrically (Hoffman and Warshowsky, 
1958). 


Precautions 

Toxicity. The toxicity of BPL for animals and man 
was determined by Ben Venue Laboratories (Unpub- 
lished Data). These studies revealed that 40 per cent 
mortality of rats resulted after a 2-hr exposure to an 
average concentration of 0.36 mg BPL per L of air. A 
2-hr exposure to an average concentration of 0.72 mg 
BPL per L of air resulted in 80 per cent mortality of 
rats. 

Ben Venue Laboratories also determined the detect- 
able and tolerable concentration of BPL vapor. It was 
found that the lowest detectable concentration for man 
was 0.05 mg per L of air, and that a concentration as 
low as 0.1 mg per L of air was intolerable for longer 
than 5 min. Thus, the vapor is highly irritating at 
concentrations not much above its detectable limit, 
and at concentrations below its acute toxic level, so 
that BPL, like formaldehyde, serves as its own warning 
device. Areas which personnel can enter unmasked 
without discomfort are no longer considered toxic.” 


2 It was recently suggested that a chemical test rather than 
absence of residual odor be used to determine when the BPL 
concentration is reduced to a safe level. The gas detection tubes 
developed by the Chemical Corps, and recently incorporated 
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BPL can also act upon the skin. Extended contact 
with the liquid (Ben Venue Laboratories, Unpublished 
Data) or the vapor (Feazel and Lang, 1959) can 
‘ause erythema and vesication. Skin irritation has most 
often been noticed where the vapor was adsorbed by 
sweaty clothing worn against the skin. Undiluted BPL 
produces no harmful effect on the skin if promptly 
washed off with water. 

The carcinogenic effect of BPL has been the subject 
of considerable investigation. Walpole et al. (1954) 
showed that frequent subcutaneous injections of dilute 
BPL were carcinogenic for rat tissue. Roe and Salamon 
(1955) and Roe and Glendenning (1957) found that 
tumors appeared in mice after 27- weekly applications 
of subulcerative doses of BPL to their skin. Tumors not 
only appeared sooner but were sometimes malignant 
if ulcerative doses of BPL were repeatedly applied to 
mouse skin. These data indicate that repeated exposure 
to subirritating doses of BPL vapor should be avoided. 

Personnel should be masked if it is necessary for 
them to enter an area containing an irritative level of 
BPL. If they intend to remain in the area for more than 
a few minutes, gas-impermeable protective clothing 
should be worn. When entering areas for only a few 
minutes to remove equipment or to open windows for 
ventilation, the following precautions should be taken: 

Wear a gas mask equipped with a charcoal canister. 

Wear washable outer clothing, such as laboratory 
overalls. Tie these at wrists and ankles to prevent vapor 
entering these areas through bellows action as one 
moves about. 

Do not remain in the BPL atmosphere with this 
type clothing for more than a few minutes. 

Remove the outer clothing immediately after emerg- 
ing from the lactone atmosphere. 

It is always advisable to shower after exposure to 
BPL vapor and to don clean clothing as soon as possible. 

Residual. A fine film may deposit on surfaces if an 
excess aerosol of BPL is used, or if the spray device is 
inefficient. This film is the result of ‘‘fallout” and is 
not encountered under the proper conditions of dis- 
semination. 

Another type of surface film, an oily residue, has 
been reported in a few instances following the use of 
BPL. Experiments in our laboratory indicate that a 
residue that is difficult to remove is produced by 
spraying BPL of lower purity than that specified (97 
per cent) by the manufacturer of the chemical. It was 
determined that BPL of 87 per cent purity, which can 


in Civil Defense survival kits, will respond to BPL concentra- 
tions lower than 0.01 mg per L. This test is based on the blue 
color caused by the alkylation of gamma (p-nitrobenzyl) pyri- 
dine adsorbed on silica gel inside a small glass tube through 
which air is drawn by a hand pump. The reaction is discussed 
in Analytical Chemistry, 27, 1435-1439 (1955) and the kit is 
described in Chemical Corps Purchase Description 197-54-627 
and Chemical Corps Drawing D5-77-206. 
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have a clear watery appearance, produces a noticeable 
residue on surfaces after dissemination. The impurity, 
which is water insoluble, is probably a BPL polymer. 
BPL containing less impurity produces less of the resi- 
due, whereas 97 per cent pure material produces no 
residue when properly disseminated. The formation of 
polymer in BPL may be retarded by storing the chemi- 
eal in chemically clean containers and at refrigeration 
temperature. 


Disinfection of a Two-Story Army Barrack, Dayroom, a 
Hospital Ward, an Entire Hospital Wing, and a 
Wing of an Animal Housing Building 

The method, described above, for disinfecting large 
enclosures with BPL vapor, has been used by our 
personnel to decontaminate laboratories, barracks, 
hospitals, and animal rooms. Summaries of a few of 
these tests are presented below. 

Disinfection of a two-story army barrack, A two-story 


army barrack with a volume of 50,000 cubic feet was [ 


treated with BPL vapor. Numerous surfaces within 


the building were first contaminated with spores of | 


Bacillus subtilis var. niger (B. globigii). The relative 
humidity was raised to 80 per cent by spraying water 
and the building temperature was maintained at 24 C. 
The BPL was sprayed into the barrack by means of a 
Todd Insecticidal Fog Applicator. After a 2-hr ex- 
posure to the disinfectant, 55 biological samples were 
taken from which no viable spores were recovered. 
The building could be occupied after 1 to 2 days of 
normal aeration, that is with the windows and doors 
open. No damage to painted surfaces or metal fixtures 
was noted. 

Disinfection of a furnished hospital dayroom. The 
hospital ward dayroom treated in these tests did not 
lend itself to the normal means of sterilization (appli- 
cation of liquid disinfectants) because of wall to wall 
carpeting, drapes, overstuffed furniture, books, and a 
television set. Two tests were conducted. The first was 
carried out on a cold day which necessitated using 
radiators to maintain a temperature of 24C and 
spraying water to raise the relative humidity. Patches 
contaminated with known numbers of spores of B. 
subtilis var. niger were used as an indicator of the suc- 
cess of the decontamination procedure. The number oi 
viable spores was greatly reduced; however only 5 


per cent of these patches were sterile after exposure to | 


the BPL vapor. Two evident reasons for the incomplete 
sterilization were the low BPL concentration and low 
moisture content in the air. Both dropped rapidly 
after being introduced into the room, because of con- 
densation on the cold outside walls and windows and 
adsorption by the drapes, rugs, and so forth. The room 
was treated the second time on a warm and humid day, 


2? Combustion Equipment Division, Todd Shipyards Corpo- 
ration, Elmhurst, Long Island, New York. 








1960] 


thus | 
and | 
by n 
place 
throu 
distri 
deco 
with 
vario 
but « 
after 
obtai 
viabl 
mate 
mask 
due t 
the r 
Di 
Clarh 
with 
BPL 
kitch 
room 
of B. 
succe 
sites 
bacte 
ture 
cent. 
1 of 
howe 
redu 
table 
The 
mitti 
dam: 
of d 
mac] 
furni 
after 
BPL 
sligh 
later 
of tl 
and 
Di 
requ 
tion 
area 
Shar 
Pem 
anin 
ing { 
pate 


17 





ble 
ty, 
er, 
esi- 

no 
1 of 
mi- 
ion 


urge 
our 
cks, 


y ol 


Lory 
was 
thin 
s of 
tive 
ater 
4. 
of a 

eX- 
were 
red. 
s of 
loors 
ures 


The 
| not 
ppli- 
wall 
nd a 
t was 
using 

and 
tches 
of & 
> suc 
er of 
ly 0 
ire to 
iplete 
d low 
ipidly 
 con- 
s and 
room 
1 day, 


Corpo- 








1960] DISINFECTING WITH 6-PROPIOLACTONE VAPOR 55 


thus eliminating the need of elevating the temperature 
and relative humidity. An aerosol of BPL was made 
by means of two Tokheim Power Atomizers.‘ Fans, 
placed at various locations within the room, were run 
throughout the exposure period to insure a thorough 
distribution of the disinfectant. As a check on the 
decontamination procedure, 12 patches contaminated 
with spores of B. subtilis var. niger were placed at 
various sites throughout the room before spraying. All 
but one of the test patches were found to be sterile 
after exposure to BPL. The one unsterile patch was 
obtained from a site under the rug and even at that, the 
viable count was reduced 99.999 per cent. Approxi- 
mately 1 hr after opening the windows to aerate, un- 
masked personnel could enter the room. No damage, 
due to the BPL treatment, to any material or items in 
the room was noted. 

Disinfection of an army hospital ward (Woodward and 
Clark, 1960). One wing of a one-story army hospital 
with a volume of 89,000 cubic feet was treated with 
BPL vapor. The wing contained bedrooms, offices, 
kitchen, operating room, preparation room, X-ray 
room, and a dayroom. As in the previous tests, spores 
of B. subtilis var. niger were used as an index of the 
success of the decontamination procedure. Thirty-one 
sites throughout the ward were contaminated with 
bacterial spores before spraying the BPL. The tempera- 
ture and relative humidity averaged 26 C and 87 per 
cent. Following a 2-hr exposure to the disinfectant only 
1 of the 31 biological sampling sites was not sterile; 
however, even at this site the contamination level was 
reduced more than 99.99 per cent. Several varnished 
tables and toilet seats were damaged by liquid BPL. 
The dispenser was not operating correctly thus per- 
mitting the liquid BPL to collect on some surfaces. No 
damage was noted to other items present at the time 
of disinfection. Among these items were an X-ray 
machine, surgical equipment, resuscitator, beds, drapes, 
furniture, air conditioners, and a television set. One hr 
after opening the doors and windows following the 
BPL treatment the ward could be entered with only 
slight irritation due to residual BPL. Twenty-four hr 
later the ward was available for occupancy. The results 
of this work are reported in more detail by Woodward 
and Clark (1960). 

Decontamination of an animal housing room. At the 
request of the pharmaceutical industry, a demonstra- 
tion of the procedure to decontaminate large enclosed 
areas by the use of BPL vapor was staged at Merck 
Sharp and Dohme Research Laboratories, West Point, 
Pennsylvania. For this purpose, a large room of an 
animal housing building was treated with BPL. Follow- 
ing the treatment only 1 of 16 previously contaminated 
patches was not sterile; however even at that, the 


* Tokheim, Fort Wayne, Indiana. 
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bacterial spore count was reduced three orders of 
magnitude on the patch. With the aid of exhaust fans 
located along two walls, the building was aerated 
rapidly. Twenty min after opening the doors and start- 
ing the fans, the structure could be entered without 
a noticeable irritation of the respiratory tract due to 
residual BPL vapor. 
SUMMARY 


The general procedure for decontaminating enclosed 
spaces with 8-propiolactone (BPL) is relatively simple. 
In preparing an enclosure, large cracks around doors, 
windows, and so forth should be sealed with masking 
tape. Ventilating systems must be shut off and prefer- 
ably sealed. For optimal activity of the disinfectant, 
the relative humidity should be 70 per cent or higher, 
and the temperature preferably kept at 24 C or higher. 
Most commercial insecticide sprayers can be used to 
disseminate BPL. One gallon of the chemical should be 
sprayed for each 12,000 to 16,000 cubic feet of space. 
Generally, a 2-hr contact time is sufficient for decon- 
tamination. Under normal conditions of aeration, a 
day is sufficient before the area can be occupied, al- 
though the time for aeration can be greatly reduced by 
using forced ventilation. Because of the toxicity of 
BPL care must be taken when handling the chemical. 
BPL of the purity specified by the manufacturer (97 
per cent) does not produce a residue upon spraying; 
however BPL containing polymers of the chemical will 
‘ause the formation of a residue which is difficult to 
remove. Summaries of decontamination trials presented 
indicate the effectiveness of the described decontamina- 
tion procedure. 

REFERENCES 

Dawson, F. W., Hearn, H. T., aNp Horrman, R. K. 1959 
Virucidal activity of 8-propiolactone vapor. I. Effect of 
8-propiolactone vapor on Venezuelan equine encephalo- 
myelitis virus. Appl. Microbiol., 7, 199-201. 

Dawson, F. W., JANssEN, R. J.. AND Horrman, R. K. 1960 
Virucidal activity of 8-propiolactone vapor. II. Effect on 
the etiological agents of smallpox, yellow fever, psitta- 
cosis, and Q fever. Appl. Microbiol., 8, 39-41. 

FeazEL, C. E. anp Lane, E. W. 1959 New vapor phase 
disinfectant. Soap Chem. Specialties, 35, No. 10, 113-121. 

HorrMan, R. K. aNp WarsHowsky, B. 1958 3-Propiolactone 
vapor as a disinfectant. Appl. Microbiol., 6, 358-362. 

Rog, F. J. C. anp Saumon, M. H. 1956 The further studies 
on incomplete carcinogenesis. Triethylene melamine, 1,2- 
benzanthracene and 8-propiolactone, as initiators of skin 
tumour formation in the mouse. Brit. J. 
177-203. 

Rog, F. J. C. anp GLENDENNING, D. M. 1957 The earei- 
nogenicity of 8-propiolactone for mouse skin. Brit. J. 
Cancer, 10, 357-362. 

Watpro.e, A. L., Roperts, D. C., Rose, F. L., Henpry, J. 
A. AnD Homer, R. F. 1954 Cytotoxic agents. IV. The 
carcinogenic action of some monofunctional ethyleneimine 
derivatives. Brit. J. Pharmacol., 9, 306-323 

Woopwarp, M. F. anp Ciark, A. B. 1960 3-Propiolactone 
vapor decontamination of a hospital. U.S. Armed Forces 
Med. J., 11, 459463. 


Cancer, 9, 





Some Problems Involved in the Use of Quaternary Ammonium 


Compounds as Fabric Disinfectants 


ETHEL McNeEIL, Maurice GREENSTEIN, L. S. 


STUART, AND MARGARET T. GOLDSMITH! 


Clothing and Housing Research Division, and Plant Pest Control Division, Agricultural Research Service, U. S. Department of 
Washington, D.C. 


Agriculture, 


Received for publication October 16, 1959 


The current awareness of problems concerned with 
drug resistant strains of Staphylococcus and other bac- 
teria includes an interest in the role of bedding, night- 
clothing, and other garments as means of transmission 
of these bacteria. Duguid and Wallace (1948), Ridenour 
(1950), Church and Loosli (1953), Blowers and Wallace 
(1955), and Ravenholt and La Veck (1956) are among 
those who have reported on the dangers of this type of 
transmission. Engley (1958) emphasized that Staphylo- 
coccus has remained viable on surfaces (including 
clothes) for several months. It is obvious, then, that 
proposed means of control of the spread of infection 
should include studies on both direct and residual dis- 
infection of fabrics. Fabric disinfection turn, in- 
volves a knowledge not only of the properties of the 
disinfectant but also of the physicochemical relation- 


in 


ship between fabric and disinfectant. 

The quaternary ammonium compounds are among 
the chemicals frequently used in fabric disinfection. 
Goldsmith et al. (1956) reported on the importance of 
the weight-volume-concentration relationship in the 
adsorption of quaternary compounds on cotton gauze 
and on wool. To remove the starch and other foreign 
material from the fibers they desized the gauze with 
acid using the Textile Test Methods, Federal Specifica- 
tion 2610.2 (Federal Specification, 1953). Because of 
the possibility that the acid may have modified the 
adsorptive characteristics of cotton for the quaternary, 
it seemed advisable to investigate adsorption under 
other conditions. The purpose of this paper is: (a) to 
compare the amount of alkyldimethylbenzyl am- 
monium chloride adsorbed on undesized, acid desized, 
and enzyme desized gauze and muslin sheeting; and 
(b) to evaluate the bactericidal activity of the fabrics 
treated with quaternary. 


MATERIALS AND METHODS 


Three-gram samples of gauze (Curity*® cloth) and 
bleached muslin sheeting (at least 70 threads length- 
wise and 60 crosswise) were used as standard test units. 
Samples of this weight were provided by four 4 by 5 in. 
pieces of gauze and two 4 by 5 in. pieces of sheeting. 

1 Present address: National Institutes of Health, U. 8S. 
Department of Health, Education, and Welfare, Bethesda, 
Maryland. 

? The Kendall Company, Walpole, Massachusetts. 
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Before acid and enzyme treatment the fabrics were ex- 
tracted in chloroform for 16 hr to remove fat soluble 
material. Acid desizing was carried out according to 
Textile Test Methods, Federal Specification 2610.2. 
The fabric was boiled in an 0.5 per cent hydrochloric 
acid solution (hydrochloric acid 1.19 sp gr) for 30 min. 
Enzyme desizing was carried out according to a slight 
modification of Textile Test Methods, Federal Specifica- 
tion 2611.1 (Federal Specifications, 1953), using a com- 
bination of proteolytic and amylolytic enzymes in the 
amount of 3 to 5 per cent (by weight) of the fabric. 
After enzyme treatment the fabric was washed in hot 
distilled water, then rinsed in water adjusted to pH 
6.8 to 7.0. After desizing, the samples were dried at 
room temperature, placed in Petri dishes, autoclaved 
at 15 lb pressure for 15 min, and dried at 70 C. 

To simulate in-use conditions, three amounts of 
quaternary were used (10, 50, and 100 mg), each in 
four different volumes (25, 50, 75, and 100 ml). The 
solutions were prepared in sterile glassware, and 
aliquots were assayed before use (Auerbach, 1943). 

For the adsorption tests, sterile 3-g fabric samples, 
in replicates of five, were placed aseptically in pint 
jars containing the quaternary, and agitated in a Laun- 
der-Ometer* for 10 min at 20 C. The samples were 
then wrung out with sterile forceps, placed in sterile 
Petri dishes, and dried at 70 C. The quaternary re- 
maining in solution in the pint jars was then assayed. 
Any test was repeated if there was a significant differ- 
ence between any two of the five results within a replica- 
tion as analyzed by the Duncan and Bonner test (1954). 
As stated by Goldsmith et al. (1956), the amount ad- 
sorbed on the fabric is calculated by subtracting from 
the original amount the quantity in solution after ex- 
posure to the fabric. A certain additional amount is 
present in the liquid retained by the fabric, and must 
be accounted for. This is determined by obtaining the 
average weight of liquid per 3-g sample (by weighing 
both wet and dried samples) and calculating, from the 
Auerbach assay, the amount of quaternary in that 
weight. This amount was designated by Goldsmith et 
al. (1956) as “absorbed.” To avoid confusion, since ab- 
sorption usually implies penetration, we propose the 
term “carry-over” for this amount. 


’ Atlas Electric Devices Company, Chicago, Illinois. 
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AMMONIUM COMPOUNDS 
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Using 1.5-g treated fabric samples, the bactericidal 
activity against Staphylococcus aureus, Brevibacterium 
ammoniagenes, Bacillus cereus, and Proteus mirabilis 
was determined as follows. An inoculum of approxi- 
mately 13 million bacteria in 2 ml of tryptone glucose 
broth was placed in 125-ml sterile Erlenmeyer flasks. 
A 1.5-g fabric sample was then placed in each flask and 
paddled until moistened by the inoculum to simulate 
moistening of clothes by perspiration. The flasks were 
then incubated for 4 hr. At that time, 25 ml of thio- 
glycollate broth, which supports good growth of a wide 
variety of bacteria, were added to each flask. The flasks 
were then incubated for 18 hr. After incubation the 
flasks were examined for turbidity and the results re- 
corded. Broth from each flask was inoculated on tryp- 
tone glucose extract agar with the exception of Proteus, 
which was inoculated on desoxycholate agar. Brevibac- 
terlum ammoniagenes was incubated at room tempera- 
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ture and the other three species at 37 C. The number of 
sterile plates was correlated with the total amount of 
quaternary compound on the fabric (table 1). 
RESULTS AND DiIscuUSSION 

Adsorption. In all cases the amount of quaternary 
adsorbed on acid desized and enzyme desized fabric was 
less than that adsorbed on undesized fabric (table 1). 
The method of desizing did not greatly affect the 
amount adsorbed. At the 10- and 50-mg levels, more 
quaternary was adsorbed on untreated gauze than on 
muslin, but at the 100-mg level, slightly more was ad- 
sorbed on muslin than on gauze. At the 10-mg level, 
differences between the amounts of quaternary ad- 
sorbed on acid desized and enzyme desized gauze and 
muslin were very small. At the 50-mg level, more was 
adsorbed on desized gauze than on desized muslin. At 
the 100-mg level, more was adsorbed on desized muslin 


TABLE 1 


Adsorption of quaternary by 3 g of fabric from solutions differing in volume and concentration 


Milligrams of Quaternary Adsorbed from Specified Volume 





Treatment and Type of Fabric 100 ml 
Co* Ad* * co Ad 4 co Ad s co Ad T 
10 mg Quaternary 
Not desized: 
ER Sooke icant Ann a 8 he ox asain Se 0.005 9.99 10 0.004 9.99 10 | 0.007 9.99 10 0.004 9.99 10 
PE ne Ns ce Nee et Se 0.6 6.9 8 0.3 6.4 <4 182 6.6 7 1 G2 6.1 6 
Acid desized: 
RE ee 8 rece Rete Salle 1.5 3.6 5 0.8 3.4 4 | 0.5 3.9 4 10.5 Za 3 
BURR ate CaN ets: ach Lg 3.4 5 0.6 3.0 4 | 0.4 gal 4 | 0.4 2.6 3 
Enzyme desized: | 
SR MNEMT Ce ec ccs w 2s Sige eee 1.6 3.3 5 0.8 3.5 4 | 0.5 3.0 4 |0.5 2.6 3 
ETE Ronn, Ee APR SM ae | 3.9 5 0.6 3.7 4 | 0.4 id 4 10.3 2.8 3 
50 mg Quaternary 
Not desized: 
TS ee ey eae ee ae I ee 5.5 27.5 33 5.5 25.7 31 1.9 25.7 28 LZ 21.6 2 
OS SS ae aoe ene met 6.4 14.5 21 2.6 11.5 14 | 2.4 9.8 2 |} 2.5 8.2 
Acid desized: 
Gauze. hea log rare ns fe 9.0 12:5 2 5.3 6.0 iH 2.6 5.¢ 8 | 2 5.8 
BRINN Sk rrss Gtk eaten Jobe en wt at 6.9 15 4.0 5.3 9 7 4.¢ % 12.2 3.0 5 
Enzyme desized: 

Gauze Baal te ea 3 4 8.8 13.4 22 5.0 9.1 14 | 3.2 8.0 11 2.5 7.5 10 
Muslin Sl) eee 8.8 16 2.1 5.9 BS | 237 4.3 ya) 3.9 6 
100 mg Quaternary 

Not desized: 
Gauze ead hati toh ee 26.3 44 9.0 26.1 | 38 | 6.3 20.0 26 4.9 18.5 23 
ie Sera lore tener ee 3.4 29.3 43 6.4 28.2 35 | 4.5 26.4 31 | 20.7 24 
Acid desized: 
Gauze 21.0 19.0 40 10.0 15.0 25 | 7.0 10.0 17 5.6 7.0 13 
MIR eo ee ates Vhs hin Moan aaa 13.8 23.5 37 7.4 17.5 25 4.9 19.8 24 3.9 15.9 19 
Enzyme desized: 
Gauze 20.0 15.0 35 10.0 13.0 Zoi 4.4. +60 4 | 5.6 6.3 12 
Muslin 13.3 25.8 39 7.0 22.0 29 4.9 17.9 2 4.0 14.8 19 


* CO, carry-over; Ad, adsorbed; T, total. 
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than on desized gauze. At the 50- and 100-mg levels, 
more was adsorbed from 25 ml than from 100 ml. This 
may be a result of greater availability of quaternary 
molecules in the smaller volume. 

Gauze is a loosely woven fabric with approximately 
36 x 40 threads per sq. in. as contrasted with 60 x 70 
in the muslin sheeting. It seemed possible that a greater 
surface area would be available for adsorption in the 
loosely woven fabric than in the tightly woven one. To 
explore this hypothesis, yarns were unraveled from 3-g 
samples of undesized gauze and muslin and given the 
same quaternary treatment as the fabrics. At the level 
of 50 mg in 100 ml, almost identical amounts of quater- 
nary were adsorbed on the yarns, 21.1 and 20.8 mg 
(table 2). When these were woven into fabric the 
amounts were 21.6 and 8.2 mg for gauze and muslin, 
respectively. The 100-mg level is apparently close to 
the maximal adsorption point for both yarns. In all 
cases more was adsorbed on the yarn than on the fabric. 

The fact that less quaternary was adsorbed on de- 
sized than on undersized fabric, but that the method of 
desizing did not greatly affect the amount adsorbed, 
poses some interesting questions. Since it is known that 
quaternary compounds can be adsorbed on starch, and 
since starch is used in sizing of fabrics, the question 
arose as to whether the differences in adsorption were 
due simply to removal of starch. The muslin sheeting 
is guaranteed to contain less than 3 per cent sizing (or 
less than 90 mg per 3-g sample). Curity cloth and other 
absorbent gauze contain much less starch than sheeting. 
No exact figures are available, but an estimated 1 per 


TABLE 2 


Absorption of quaternary by yarn and by fabric 


Milligrams of Quaternary 
Adsorbed by 3 Grams of: 


Quaternary Solution pete 
Fabric 


Gauze Muslin Gauze Muslin 


.1 | 20.8 | 21.6 


50 mg in 100 ml 21 8:2 
100 mg in 25 ml 32.7 | 29.6 | 26.3 | 29.3 
32.0 | 28.0 | 18.5 20.7 


100 mg in 100 ml 
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cent would be 30 mg per 3-g sample. Known amounts 
of potato starch were added to quaternary solutions 
and agitated in the Launder-Ometer for 10 min at 20 C, 
The starch was allowed to settle and the supernatant 
fluid was assayed. The results indicated that the re- 
moval of starch did not in itself explain the differences 
in adsorbability between undesized and desized fabric. 
Dextrins are formed in the hydrolysis of starch, and 
since it is very difficult to remove all dextrins from 
fabric, no conclusions as to their role in adsorption or 
desorption can be drawn from these experiments. 

The possibility that the cellulose molecules them- 
selves were altered by the desizing process cannot be 
overlooked. The amorphous portion of the molecule is 
more readily affected by chemical agents than the crys- 
talline portion. If the molecules were shortened or other- 
wise altered there might be fewer areas of attachment 
for the quaternary. Certainly there is need for more 
basic research, both chemical and bacteriological, be- 
fore these questions can be fully answered. The answers 
would be helpful from a practical standpoint, because 


under in-use conditions fabrics are subjected to many | 


types of treatment. 

Bactericidal action. All inoculated flasks were com- 
pared visually with the controls at the end of 22 hr of 
incubation. It was not possible to use turbidity as a 
criterion for bacterial growth because of the cloudiness 
caused by fabric particles. This was especially evident 
in the fabrics which had been impregnated in 25-ml 
volumes. The fiber particles were most numerous in the 
acid desized material. 

The data on the relationship between amount of 
available quaternary on the fabric and its bactericidal 
activity were studied in several ways. The amounts of 
quaternary on acid desized, enzyme desized, and un- 
desized swatches were tabulated separately and com- 
pared as to bactericidal action. The amount of quater- 
nary available, not the method of treatment, was found 
to be the important factor. 

The figures indicated as “adsorption” were tabulated 
alone and studied as to bactericidal action. This was 
unrealistic, since the ‘‘carry-over’” plus the amount 
designated as ‘‘adsorbed”’ represents the amount im- 


TABLE 3 


Gauze 


Milligrams Quater- — _ a 
nary per 1.5 g Fabric 


ag pn pons ei Bacillus cereus | Proteus mirabilis aii ea Sa Bacillus cereus | Proteus mirabilis 
24 28/40 30/36 20/20 20/20 49/56 31/38 32/34 0/37 
5-7 39/44 28/36 22/22 0/22 13/16 10/10 10/10 0/13 
8-10 3/4 2/2 2/2 0/2 10/10 6/6 6/6 0/8 
11-13 22/24 12/12 12/12 5/22 18/19 10/10 10/10 1/15 
14-16 14/17 6/6 6/6 1/10 9/9 4/4 4/4 0/8 
17-19 8/8 4/4 4/4 3/8 5/5 2/2 2/2 0/5 
4/4 10/18 17/17 6/6 6/6 8/38 


20-22 8/8 4/4 


Proportion of samples sterilized by fabric impregnated with quaternary 
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mediately available to inhibit bacterial growth. In 
dilutions representing figures below the saturation 
point, some of the quaternary labeled “carry-over” was 
undoubtedly adsorbed after the fabric was removed 
from the jar. 

The total amounts of available quaternary were com- 
pared as to bactericidal action. It was concluded that 
this figure, whether on desized or undesized fabric, 
was the most reliable and realistic figure for evaluating 
the antibacterial action of the treated fabric (table 3). 
According to Harris (1948) the monomolecular layer 
of quaternary is most tightly bound because the bond 
is between like ends of different molecules (hydrophobic 
end to hydrophobic surface). The overlayers will not 
be as tightly bound because the bonding is between 
like ends of the same molecule. The availability (or 
desorption rate) of the “carry-over,” therefore, should 
be dependent on whether the total amount adsorbed is 
greater than or less than the amount required for a 
monomolecular layer. 

Table 3 is a summary of efficiency of bactericidal 
action of the treated fabric. The vegetative form of B. 
cereus Was sensitive to very small amounts of quater- 
nary (2 to 4 mg), and B. ammoniagenes was resistant to 
only slightly larger amounts (5 to 7 mg). Staphylococcus 
aureus Was somewhat more erratic, with 100 per cent 
bactericidal activity at the level of 17 to 19 mg. A 
fairly high percentage of treated fabric samples steri- 
lized the cultures at much lower concentrations. Proteus 
(the gram-negative bacterium) was the most resistant, 
and even at the level of 20 to 22 mg, only 50 per cent 
of the inoculated flasks were sterilized. 

Similar or identical amounts of quaternary can be 
made available on the 1.5-g fabric samples under a 
variety of conditions. For example, under the conditions 
of these experiments one can obtain a 14- to 16-mg level 
in several ways (table 1): 100 mg of quaternary in 50 
ml with enzyme desized muslin; 100 mg in 75 ml with 
undesized muslin; 50 mg in 50 ml or 75 ml with un- 
desized gauze. The 11- to 13-mg level can be obtained 
by using: 100 mg in 75 ml with acid or enzyme desized 
muslin and in 100 ml with undesized muslin; 100 mg in 
50 ml with acid or enzyme desized gauze or in 100 ml 
with undesized gauze; 50 mg in 25 ml with undesized 
muslin; 50 mg in 25 ml with acid or enzyme desized 
gauze or in 100 ml with undesized gauze. If the time 
or temperature is changed the amount of adsorption 
may also be changed (Goldsmith et al., 1954). Such in- 
formation is of value from an in-use standpoint. 


SUMMARY 


The adsorbability of a quaternary ammonium com- 
pound on desized cotton gauze and muslin fabrie sam- 
ples was compared with that on undesized samples. 
The bactericidal activity of the quaternary treated 
fabrics was evaluated by a simulated in-use method. 


Undesized gauze and muslin adsorbed more quater- 
nary compound than acid or enzyme desized gauze and 
muslin. 

Gauze adsorbed more quaternary at the lower con- 
centrations than muslin, but at the highest concentra- 
tion (1:250) muslin adsorbed slightly more than gauze. 

Comparison of the adsorbability of the fabrics and 
their yarn components indicated that tightness of weave 
influenced the amount of quaternary adsorbed on the 
fabric. 

The large differences in adsorbability between desized 
and undesized fabrics could not be explained solely by 
removal of starch. 

Vegetative cells of Bacillus cereus were most sensitive 
to the antibacterial activity of the treated fabric, fol- 
lowed closely by Brevibacterium ammoniagenes. Staphy- 
lococcus aureus was more variable in its response and 
required fairly large amounts of quaternary for steriliza- 
tion. Proteus was the most resistant, and even at the 
20- to 22-mg level only 50 per cent of the inoculated 
flasks were sterilized by gauze and 23 per cent by mus- 
lin. 
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Most of the streptomycin produced in the United 
States (342,000 kg in 1958) is sold as dihydrostreptomy- 
cin. Production of dihydrostreptomycin from  strep- 
tomycin entails catalytic hydrogenation followed by < 
crystallization. Production of dihydrostreptomycin 
directly by fermentation would have the advantage of 
simplicity of purification with its attendant economic 
advantage. Our antibiotics screening group found two 
streptomycetes which produced an antibiotic chroma- 
tographically indistinguishable from dihydrostrepto- 
mycin. We obtained the organisms, increased their 
productivity, and identified the antibiotic. 

While this work was in progress, Tatsuoka ef al. 
(1957) reported the isolation of an antibiotic substance 
which had the physicochemical and biological char- 
acteristics of dihydrostreptomycin. They confirmed 
the identity by degradation products. 

Extensive nutritional studies of the two cultures, 
strains M43-05026 and M43-05227, failed to provide a 
medium on which attractive yields of antibiotics were 
obtained. However, yields large enough so that ma- 
terial could be obtained for isolation and identification 
were easily achieved. All biological assays for concentra- 
tion of antibiotic were by a modification of our turbi- 
dimetric assay for streptomycin in which dihydrostrep- 
tomycin was the standard and Micrococcus pyogenes 
var. aureus strain ATCC 9996 was the test organism. 
Results of assays were reported in terms of dihydro- 
streptomycin free base (DSM). 


MATERIALS AND METHODS 


Fermentation. Fermentation studies were made in 
500-ml wide mouth Erlenmeyer flasks. The flasks con- 
tained 100 ml of medium and were closed by two milk- 
filter discs. The media were sterilized for 20 min 
at 121 C. Incubation was at 28 C for 7 days on a Gump! 
shaker running at 245 rpm. The fermentor flasks were 
inoculated with 1 per cent by volume of a vegetative 
stage which was cultivated at 28 C for 24 hr. The vege- 
tative stage was inoculated by spores obtained from 
an agar slant of the cultures. 

Biosynthesis of streptomycin is profoundly influ- 
enced by composition of medium and balance among the 

rarious components of the medium. To learn whether 
biosynthesis of this antibiotic was similarly affected, 
kinds and amounts of carbon and nitrogen sources 
and the levels of calcium carbonate were varied. 


1B. F. Gump Company, Chicago, Illinois. 
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The usual carbohydrates, glucose, sucrose, maltose, 
starch, dextrin, were tested singly and in combination, 
As was not unusual, production of the antibiotic was 
greater with mixtures than with single carbohydrates, 
One of the better mixtures was glucose and potato 
dextrin in a ratio of 1:2. This mixture at a total con- 
centration of 6 per cent was used in most of the media. 

The influence of concentration of corn steep solids 
Was investigated in a basal medium containing 4 per 
cent potato dextrin, 2 per cent glucose, 0.75 per cent 
peptone 159 (Wilson?), and 1 per cent calcium carbon- 
ate in tap water (table 1). Since a concentration of corn 
steep solids of 1 per cent was optimal, it was used at 
this level in all corn steep containing media. 

The corn steep solids supplied a large number of or- 
ganic compounds and inorganic elements to the 
medium. The effective components of corn steep were 


TABLE 1 


Corn steep solids and production of dihydrostreptomycin 


Additions of Corn Steep Solids to 


Racal Median Dihydrostreptomycin 








% pg/ml 
None 160 
0.25 370 
0.5 | 470 
1.0 500 
2.0 


200 


not identified. Since corn steep supplied so many com- 
pounds and much ash to the medium, ease of purifica- 
tion usually would be improved by reducing it to the 
minimum. None of the following substances was a sub- 
stitute for corn steep solids: distillers solubles, carob 
protein, soybean meal, corn gluten, and potassium phos- 
phate. 

Additions of crude sources of nitrogen to a basal 
medium, containing glucose, dextrin, corn steep solids 
(also a nitrogen source) and calcium carbonate, were 
made in an effort to increase the production of the anti- 
biotic substance (table 2). Too much or too little of a 
nitrogen source was detrimental to formation of the 
antibiotic. This requirement for proper balance among 
the nuirients for good production of an antibiotic was 
observed in many other fermentations. 

Although sodium chloride was added to the fermenta- 
tion medium, its addition was not essential for good 


2 Wilson and Company, Chicago, Illinois. 
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production of the antibiotic. Calcium carbonate was 
essential to production of the antibiotic. Very little 
antibiotic substance was found either in the absence 
of or with small amounts (0.25 per cent) of calcium car- 
bonate. Good production was obtained with 0.5 and 
1.0 per cent calcium carbonate. Presumably, pH regu- 
lation by the calcium carbonate was its essential prop- 
erty because calcium chloride and calcium sulfate did 
not substitute for the calcium carbonate. 

Chromatography. Descending paper chromatography 
with a solvent system composed of a 2 per cent solution 
of p-toluene sulfonic acid dissolved in n-butyl alcohol 
saturated with water (Peterson and Reineke, 1950) 
separated mannosidostreptomycin from streptomycin 
and from their dihydro derivatives satisfactorily. The 
time of development, 24 hr, was so long that the solvent 
front dripped off the paper; consequently, Ry values 
could not be measured. The order of the spots on the 
paper reading from origin and their positions relative 
to streptomycin were: mannosidodihydrostreptomycin 
(0.25), mannosidostreptomycin (0.4), dihydrostrepto- 
mycin (0.7), and streptomycin (1.0). Bioautographs 
were made against the strain of M. pyogenes used for 
the turbidimetric assay. 

Biosynthesis of dihydrostreptomycin. _Mannosido- 
streptomycin usually can be demonstrated in strepto- 
mycin beers. Langlykke and Perlman (1950) state: 
“It has been found that: (A) in a growing culture of a 
streptomycin-producing strain of Streptomyces griseus, 
the originally and/or concurrently formed mannosido- 
streptomycin is at the same time being converted into 
streptomycin; (B) said culture is able to decompose 
added mannosidostreptomycin to streptomycin, and 
added dihydromannosidostreptomycin to dihydro- 
streptomycin; and (C) that an enzyme or enzymes may 
be obtained from said culture, which enzyme is capable 
of converting mannosidostreptomycin to streptomycin, 
and dihydromannosidostreptomycin to dihydrostrep- 
tomycin. These properties (the properties of a manno- 
sidostreptomycinase) are lacking in cultures of strains 


TABLE 2 
Crude source of nitrogen and production of 
dihydrostreptomycin 


Additions to Basal Medium Dihydrostreptomycin 


pg/ml 


None. ...... re aE 500 
Wilson peptone 159: 
LY a RSA oPaeae Certain te ene eee ee 650 
0.5%... Dosa tata ihe alee Det Packie e 850 
ya a Gator penne 700 
NED a ne 450 
Soybean oil meal: 
1.0 % a et eee Oe 700 
DN Re 0. si nlans coe elareciatp eee ale oie 600 
2.0%... Rae ee ee 450 
Soy eis os | |! Se eS EST 400 
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of Streptomyces griseus which do not produce strepto- 
mycin, and in other actinomycete cultures which do 
not produce streptomycin.” 

They found mannosidostreptomycinase in the filtrate 
from a 9-day-old culture of a streptomycin-producing 
strain of S. griseus. Severin et al. (1957) found that 
washed mycelium of S. griseus converted added manno- 
sidostreptomycin to streptomycin. Thus, the enzyme 
seemed to be in the culture medium and on or in the 
mycelium. 

If our cultures produced streptomycin by the above 
mechanism and then caused its reduction to dihydro- 
streptomycin, we would expect to find at least traces of 
mannosidodihydrostreptomycin and streptomycin in 
the medium at some time before production of dihydro- 
streptomycin ceased. We would also expect the 
organism to form enzymes capable of converting man- 
nosidostreptomycin into streptomycin and of reducing 
streptomycin to dihydrostreptomycin. There was no 
chromatographic evidence for mannosidodihydrostrep- 
tomycin, mannosidostreptomycin, or streptomycin, al- 
though the system was capable of resolving traces of 
them from dihydrostreptomycin. Mannosidostreptomy- 
cin added to the make-up or on the third day of the fer- 
mentation was not converted into streptomycin. Nor 
was streptomycin when added under similar conditions 
reduced to the dihydro form. Whatever may be the 
route of biosynthesis of dihydrostreptomycin, it ap- 
parently is not through mannosidostreptomycin and 
streptomycin by means of extracellular enzymes. Lack 
of conversion of mannosidostreptomycin to dihydro- 
streptomycin was not conclusive evidence for lack of 
enzymes; permeability barriers could have prevented 
access of substrate to enzyme. 

These organisms probably make dihydrostreptomy- 
cin by pathways differing considerably from those fol- 
lowed by S. griseus in making streptomycin. Compari- 
son of the two routes of synthesis should be of value in 
elucidating the pathways to the two end products which 
differ only in the oxidation state of one carbon of a 
sugar (aldehyde group in streptomycin and a primary 
alcohol group in dihydrostreptomycin). 

Isolation of the antibiotic. The isolation procedure was 
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Figure 1. Infrared spectra of dihydrostreptomycin obtained 
by direct fermentation (heavy line) and by reduction of strep- 
tomycin (light line). 
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based upon the assumption that the antibiotic was 
dihydrostreptomycin as indicated by chromatographic 
evidence. Material for isolation of the antibiotic sub- 
stance was prepared in shaken flasks. Pooled filtrates 
of from 5 to 9 L were processed at a time. The filtrates 
contained antibiotic substance equivalent in antibac- 
terial activity to 300 to 550 ug of streptomycin base per 
ml. The filtrates were concentrated to 15 volume (to 
give a more concentrated feed solution for the adsorp- 
tion column). The solution was decalcified with sodium 
oxalate. The neutral, decalcified concentrate was passed 
downflow through an IRC-50 (sodium form) column, 
and the column was washed with distilled water. The 
antibiotic was eluted batchwise by mixing the resin 
with dilute hydrochloric acid until the pH of the eluate 
Was constant at 2 for !5 hr. The eluate was neutralized 
to pH 6.5 with sodium hydroxide, concentrated, and 
dried in vacuo. The powder was suspended in absolute 
methanol and filtered to remove sodium chloride. Tri- 
ethylamine sulfate was added to precipitate the anti- 
biotic as the sulfate. The white precipitate was dissolved 
in water, and the antibiotic was crystallized from an 
aqueous methanol solution. Rosettes typical of dihydro- 
streptomycin sesquisulfate formed; they were washed 
with methanol and dried in vacuo. 

Characterization. Crystalline antibiotic 643-05026 
assayed as follows (oxygen by difference): 


v2) 


Found for 
M43-05026 : 

Calculated for 
C2, Hy, NzOn, 
36 H.SO,: 


C 34.04, H 6.44, N 12.85, 8 6.15, O 40.52 


C 34.50, H 6.05, N 13.40, S 6.56, O 39.40 


The crystals of antibiotic ]43-05026 had an X-ray 
diffraction pattern and an infrared spectrum (figure 1) 
identical with that of an authentic sample of crystal- 
line dihydrostreptomycin sesquisulfate. A sample of 
crystalline antibiotic M]43-05026 was assayed as di- 
hydrostreptomycin and gave the following results: 


Guanidine assay 750 ug per mg 
UV (Hiscox) : 760 wg per mg 
Biological (Bacillus subtilis) . 755 pg per mg 
Ash 1.8 per cent 


Streptidine sulfate. 
Moisture 


1.5 per cent 
1.5 per cent 
The maltol assay for streptomycin gave negative re- 
sults. These values are in the same range as those of 
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crystalline dihydrostreptomycin sesquisulfate produced 
by the catalytic hydrogenation of streptomycin. When 
corrected for ash, streptidine, and moisture, the purity 
of the erystalline sulfate salt of antibiotic M43-05026 
approximates the theoretical purity of dihydrostrepto- 
mycin sesquisulfate. Chromatography in five solvent 
systems routinely used for streptomycin antibiotics 
showed only a single component; this had an R; the 
same as dihydrostreptomycin. 
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SUMMARY 


Two unidentified isolates of Streptomyces were shown 
to produce dihydrostreptomycin. No other antibiotic 
substance was found in the culture filtrates. Dihydro- 
streptomycin was isolated as the crystalline sesqui- 


sulfate and was shown to have the same X-ray diffrae- 


tion pattern, infrared spectrum, chemical properties, 
antibacterial activity, and chromatographic behavior 
as dihydrostreptomycin sesquisulfate made from strep- 
tomycin. 
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The scientific and economic feasibility of the com- 
mercial production of algae in mass cultures on inor- 
ganic media has been studied extensively by several 


different groups. In 1953 the Carnegie Institution of 


_ Washington published a monograph reporting their 


experimental investigations and summarizing the pre- 
vious work of others (Burlew, 1953). More recently 
Tamiya (1957) reviewed the accomplishments in this 
field and found reason to be moderately optimistic about 
the commercial future of the process. 

A second possible technique for the mass production 
of algae takes advantage of the natural processes of 
purification which occur in a sewage stabilization pond. 
The growth of algae in sewage would appear to be more 
attractive from an economic standpoint than mass 
culture on inorganic media since the nutrients supplied 
to the algae would be essentially free and the purifica- 
tion of sewage by the process would have definite 
economic value. Gotaas and his co-workers (1957) have 
shown that a stabilization pond may be operated so that 
the production of appreciable quantities of algae is 
accompanied by a high degree of purification of the 
sewage. 

The greatest rate of yield attained in an outdoor mass 
algal culture on inorganic media as reported by Tamiya 
(1957) is 22 g per m® per day (37.5 tons per acre per 
year). However, from theoretical considerations it has 
been shown that enough visible light energy is available 
in temperate climates to make yield rates of at least 
30 g per m® per day (51 tons per acre per year) attain- 
able under optimal conditions (Burlew, 1955). Oswald 
et al. (1957) reported rates of yield during the summer 
months as high as 70 tons per acre per year with an 
average of 40 tons per acre per year on a sustained 
basis in a pilot plant stabilization pond. From these 
figures it is apparent that the reported yield figures in- 
dicate better performance of thes¢ stabilization ponds 
as algal production units although they have been 
operated under less rigidly controlled conditions. 

There are only two obvious differences between the 
mass culture of algae on inorganic media and the growth 
of algae in stabilization ponds; namely, stabilization 
ponds do not develop as high a concentration of algal 
cells as is used in inorganic cultures and many of the 


1 Supported in part by a research grant from the Division of 
Research Grants, National Institutes of Health, Bethesda, 
Maryland. 
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nutrients are supplied in a stabilization pond in the 
form of organic compounds. The effect of the concen- 
tration of algal cells in the culture on the rate of yield 
has been thoroughly studied (Burlew, 1953) and it may 
be assumed that mass cultures of algae are usually op- 
erated to attain the maximal rate of yield; thus this 
factor could not account for the greater yield rates 
attained in stabilization ponds. 

It has been postulated that in a stabilization pond 
organic compounds in the sewage are oxidized by bac- 
teria providing the algal cells with carbon dioxide; the 
algae providing oxygen for the saprophytes by the 
process of photosynthesis (Gotaas and Oswald, 1957). 
However, if this is strictly true, then the algae would 
not benefit from any preformed organic compounds 
which they might incorporate directly into their meta- 
bolic reactions or from energy derived from the oxida- 
tion of organic matter. Since it is generally known that 
many species of unicellular algae are able to metabolize 
some organic compounds directly (Myers, 1951) it is 
likely that some of the organic compounds of sewage 
may be used directly by the algae in a stabilization 
pond. If this occurs it could partially explain the greater 
rates of yield reported for stabilization ponds. 

This investigation attempted to determine if there 
are any organic compounds occurring in sewage which 
may be metabolized directly by the algae that com- 
monly populate stabilization ponds. Pure algal cultures 
were grown in sterile sewage on a continuous flow basis 
and the influent and effluent of the cultures were an- 
alyzed after the cultures had attained an equilibrium 
condition. It was assumed that any change in the con- 
centration of organic matter of the growth substrate 
would be due to the metabolic activities of the algae. 


MATERIALS AND METHODS 


The test organism employed in this investigation was 
a strain of Chlorella pyrenoidosa isolated from an ex- 
perimental stabilization pond at the University of Cal- 
ifornia, Berkeley, in 1951 by Dr. Mary Belle Allen. The 
reason for the selection of a strain of Chlorella is that 
Chlorella have been employed more extensively than 
any other group of algae in 
of algae on inorganic media and they are often the pre- 
dominant group of algae in sewage stabilization ponds. 

The apparatus employed consists of six culture units, 
ach a glass tube about 30 in. long. One culture unit is 
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shown diagrammatically in figure 1. Each culture is 
maintained at a constant temperature and with a con- 
stant light intensity of about 1000 foot candles at the 
surface of the culture tube. The cultures are fed a meas- 
ured volume of fresh media once each hour and the 
effluent from the culture is collected in a refrigerated 
bottle. The detention period of each culture may be 
regulated by adjusting the volume of media fed in a 
given period of time. 
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During the course of this investigation each culture 
Was aerated with a mixture of air and carbon dioxide 
as shown in table 1. In one of the experimental runs all 
of the cultures were aerated with air from which the 
carbon dioxide had been removed by passing through a 
column of Askarite? 

All of the sewage used in these studies was collected 
at one time, placed in !y-gallon bottles, and autoclaved, 
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Figure 1. Continuous culture apparatus 
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The growth medium for each experimental run was pre- 
pared by filtering the sterile sewage through filter paper 
using Celite Analytical Filter Aid* to remove the sus- 
pended solids. The filtered sewage was then placed in 
the feed reservoir and autoclaved again. 

Each of the culture vessels was assembled with the 
connecting tubes in place and sterilized by autoclaving. 
After sterilization the cultures were placed in the ap- 
paratus. The feed, air, and effluent lines were connected 
using aseptic techniques. Each culture vessel was then 
filed with an inoculum culture which had been pre- 
grown on the sterile, filtered sewage, assuring that each 
culture started with the same composition as all the 
others. The aeration of the cultures commenced im- 
mediately and the feed cycle was initiated the day after 
inoculation. 

Each experimental run of the six cultures lasted 12 
days, this being about twice the longest detention time. 
Observations were made daily on the pH, alkalinity, 
cell count, and packed cell volume of the effluent from 
each culture and these indicated that equilibrium was 
attained at about the 9th or 10th day. 

The schedule and cultural conditions of the experi- 
ment are given in table 1. Three experimental runs were 
made, each consisting of six cultures operated at differ- 
ent detention periods. The factor which varied from 
one experiment to the next was the percentage of carbon 
dioxide in the gas used to aerate the cultures. The varia- 
tion of the detention periods of the cultures making up 
each experimental run provided cultures that contained 
different concentrations of cells and different average 


’ Johns-Manville Corporation, New York, New York. 


TABLE 1 


Schedule of tests for continuous cultures 


! 


: ‘ ¥ Avg Deten- 
Run Test ae Air Rate eee ot | os. 
% CO2 cu ft/hr ml ml days 

I ] 0.1 0.2 1000 479 2.09 

2 0.1 0.2 977 949 1.03 

3 0.1 0.2 1000 328 3.04 

4 0.1 0.2 1000 245 | 4.08 

5 0.1 0.2 1060 204. | 5.20 

6 0.1 0.2 1Q00 153 6.54 

II ] 0.03 0.2 1030 484 | 2.13 
2 0.038 0.2 1040 971 1.07 

3 0.03 0.2 1015 339 2.99 

4 0.03 0.2 1040 251 | 4.16 

5 0.03 0.2 | 1010 207 | 4.88 

6 0.03 0.2 1030 170 | 6.08 

Il 1 0.00 0.2 1000 1070 0.93 
2 0.00 0.2 1000 600 1.67 

3 0.00 0.2 1040 450 2.31 

} 0.00 0.2 1020 340 3.00 

5 0.00 0.2 ; 1090 260 4.19 

6 0.00 0.2 1010 205 4.93 


ages for the cells present. The variation in the concen- 
tration of carbon dioxide in the gas used to aerate the 
cultures provided conditions under which the cells were 
grown in the presence of adequate and limiting amounts 
of carbon dioxide. 

In this investigation volatile solids and biochemical 
oxygen demand (BOD) were used in estimating the 
concentrations of organic matter in the various samples. 
While the volatile solids determination measures not 
only organic compounds but also the volatile fractions 
of certain inorganic compounds, if the inorganic com- 
position of the samples being compared remains es- 
sentially constant it is a valid index of the concentration 
of organic solids. The BOD determination measures the 
amount of oxygen employed by microorganisms in ox- 
idizing organic compounds and thus is a measure not 
only of the concentration of organic compounds but 
also of their biological availability and their state of 
oxidation. The BOD determinations are certainly sig- 
nificant for interpreting the results of these experiments 
in relation to the treatment of sewage in stabilization 
ponds. 

At the end of each experimental run each culture was 
analyzed for pH, alkalinity, cell count, packed cell 
volume, total and volatile solids, ash, and total, organic, 
and ammonia nitrogen. A sample of each of the cultures 
was centrifuged to remove the algae and the centri- 
fuged supernatant was analyzed to determine the total 
and volatile solids, ash, BOD, and total, organic, and 
ammonia nitrogen. The material remaining in the media 
reservoir was analyzed to determine the composition 
of the sewage feed. The cell counts were determined by 
counting in a standard hemocytometer and the packed 
cell volumes were determined by centrifuging a 100-ml 
aliquot in a Goetz centrifuge at 500 X g for 20 min. All 
other determinations were made according to the pro- 
cedures outlined in Standard Methods for the Examina- 
tion of Water, Sewage, and Industrial Wastes (APHA, 
1955). 

During the operation of the apparatus some difficulty 
was encountered in preventing the cultures from be- 
coming contaminated. The data from a number of ex- 
perimental runs were discarded because too many of the 
cultures were contaminated. However, it was found 
that it was quite easy to recognize the presence of con- 
tamination by abrupt changes in the pH and alkalinity 
of the culture. At the end of each experimental run sam- 
ples of each culture and of the sewage remaining in the 
feed reservoir were plated out on sewage agar and on 
nutrient agar. The plate cultures were incubated at the 
temperature at which the culture had been operated 
and if no growth was observed at the end of 1 week it 
was assumed that the cultures were not contaminated. 


RESULTS 


The data, including the analysis of the sewage which 
was used as the growth medium, that were collected for 
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the three experimental runs of the continuous cultures 
are summarized in table 2. It is noted in the table that 
3 of the 18 cultures of the iene experimental runs which 
are reported were found to be contaminated. The data 
from these 3 cultures are not included in the analysis 
that follows. 

The variation of the concentration of dissolved vola- 
tile solids in the centrifuged supernatant with the 
packed cell volume of algal cells in the culture is pre- 
sented in figure 2. For this graph the value of the con- 
centration of ale ed volatile solids in each culture 
was normalized by dividing by the concentration of 
volatile solids in the sewage which was used as the feed 
material. Thus the graph is a plot of the ratio of the 
concentration of the dissolved volatile solids in the 
cultures to the concentration of dissolved volatile solids 
in the sewage feed versus the packed cell volume of 
algae in the culture. 

In interpreting this figure it is necessary to consider 
that the variation in the cell concentration in the cul- 
tures was obtained by varying the detention period in 
the cultures. This means that the greater the density 
of algal cells in the culture the longer the detention 
period and the greater the average age of the cells. The 
curves as drawn indicate that there is a definite decrease 
in the concentration of dissolved volatile solids in the 
cultures having low cell densities and younger cells. 
However, in the cultures having older cells there is an 
increase in the dissolved volatile solids above the con- 
centration which was originally present in the sewage 
feed. It is interesting to note that the availability of 
carbon dioxide to the cells had a marked influence on 
the variation of dissolved volatile solids in the cultures. 
In the experimental run in which the cultures were pro- 
vided with adequate carbon dioxide the increase or 
decrease in the concentration of dissolved volatile solids 
was not nearly so great as in the cultures in which the 
carbon dioxide supply was limited. 

The data from the BOD determinations on the cen- 
trifuged supernatant are presented in figure 3. The 
BOD values obtained for the supernatants from the 
cultures were normalized by dividing by the BOD of 
the sewage feed and plotted as a function of the packed 
cell volume. These data show the same general trend 
as did the volatile solids data. The algae in the cultures 
having the shorter detention periods decrease the BOD 
of the supernatant below that of the sewage medium 
which they were fed, while in the cultures having longer 
detention periods there is a net increase in the total 
dissolved BOD. However, for experiment I, in which 
the algae were supplied with adequate carbon dioxide, 
no culture had a BOD less than that of the sewage. 

The decrease in the concentration of ammonia nitro- 
gen in the centrifuged supernatants from the cultures is 
shown by the graph of figure 4. Ammonia nitrogen is 
readily used by Chlorella and since no other source of 
inorganic nitrogen was available, it is not surprising 
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that the decrease in the concentration of ammonig 
nitrogen is almost proportional to the concentration 
of Chlorella cells grown. The results from all three ex. 
periments show the same general trend but only in ex. 


TABLE 2 


Data from: continuous culture experiments 


Whole Culture 














sent Solids (mg/L) | Nitrogen (mg/L) 
ops, | Packed Cell |_—— Se ee — 
Test oe] Vem | | 
ml x (ml/L) Total | ke | Ash | Total |Organic | NH, 
10-8) | | 
I-1 3.92) 0.48 | 576 | 280 | 296 | 35.2| 26.4 | 85 
1-2 1.80) 0.20 | 518 | 242 | 276 iF 36.8 | 20.0 {13.4 
I-3* 65.71 4.7 | 760 | 460 | 300 | 36.0} 35.2 | 0.0 
1-4 18.34) 1.3 758 | 474 | 284 | 35.2 | 34.4 | 0.0 
]-5* 37 .84 2.6 | 856 | 568 | 286 | 32.0) 32.0 | 0.0 
1-6 22.47 1.6 | 868 | 580 | 290 | 32.0) 32.8 | 0.0 
| | | | 
II-1 0.72 0.14 | 481 | 196 | 285 | 33.8) 20.4 13. 
II-2 0.14 0.03 445 | 200 | 245 | 36.7) 16.9 |18.3 
II-3* 1.25 0.25 551 | 255 | 296 | 32.9} 27.4 | 5.4 
IT-4 2.41 0.37 | 590 | 298 | 292 | 33.6 | 25.2 | 8.0 
11-5 2.57 0.40 597 | 304 293 | 29.1] 24.3 | 6.6 
II-6 3.79 0.48 | 643 | 320 | 323 | 34.9| 26.3 | 5.8 
III-1 | 0.31/ 0.06 | 476 | 252 | 224 | 40.8) 21.6 |16.0 
III-2 0.77 0.16 526 | 300 | 226 | 40.0; 25.2 (15.2 
III-3 0.98 0.20 524 | 304 | 220 | 39.6; 25.2 (16.0 
III-4 1.02 0.20 504 | 282 | 222 | 37.6| 24.4 /10.8 
III-5 1.46 0.30 552 | 330 | 222 38.8 | 28.4 |12.4 
III-6 2.93 0.60 698 | 446 | 252 | 41.2) 35.2 | 5.2 
Sewage and Centrifuged Supernatant Analyses 
al | Solids (mg/L) | Nitrogen (mg/L) 
| inate | | 
Test | (mg/L | pH | on. | oe | ~ | 7. . 
| ep | Total | Nae | Ash | Total lOrganic NEL 





Sewage | 178 | 9.1) 110 | 432 | 152 | 280 | 36.8) 17.6 /19.2 


I-1 120 8.9| 131 | 476 | 156 | 320 | 25.6) 17.6 | 5.6 
1-2 136 | 8.5) 116 | 460 | 142 | 318 | 29.6| 17.6 (12.0 
1-3* 110 | 7.2} 321 | 392 88 | 304 | 12.0) 8.8 | 0.0 
1-4 | 82) 8.8 161 | 468 | 160 | 308 | 16.8) 17.6 | 0.0 
1-5* 90 | 7.9) 111 | 444 | 140 | 304] 9.4) 8.9 | 0.0 
1-6 78 | 8.9 140 | 480 | 192 | 290 | 12.8) 11.2 | 0.0 
| | | | | 
Sewage | 180 8.8) 182 | 466 | 208 | 256 | 39.8) 18.5 {19.2 
II-1 165 | 8.6, 170 | 447 | 200 | 247 | 33.8] 16.0 (16.6) 
11-2 180 | 8.6, 160 | 452 | 190 | 262 | 31.8) 17.6 |174 
I1-3* 144 | 8.7] 188 | 412 | 116 | 296 | 28.6) 18.4 | 8.6 
11-4 134 | 9.1) 198 | 538 | 236 | 302 | 26.4) 17.6 | 8.2 
11-5 132 | 9.1) 231 | 576 | 254 | 322 | 27.5] 20.4 | 8.2 
II-6 124 | 9.0) 265 | 566 | 254 | 312 | 25.8) 19.7 | 5.8 
| | | 
Sewage | 206| 9.4) 231 | 504 | 254 | 250 | 43.2| 22.2 (22.4 
III-1 | 190} 9.4) 168 | 430 | 239 | 236 | 39.2) 21.0 /18.0 
III-2 180 | 9.7) 240 | 506 | 266 | 240 | 36.0) 20.6 (15.6 
111-3 170 | 9.8) 242 | 500 | 252 | 248 | 35.2) 19.6 (14.0 
111-4 170 | 9.4) 253 | 496 | 248 | 248 | 32.4) 21.0 |12.4 
111-5 162 | 9.8} 272 | 524 | 258 | 226 | 33.2) 23.2 |12.0 


III-6 132 | 10.0, 310 536 | 290 | 246 





. *C ontaminated. 


32.0) 23.2 | 5.25 
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4/54 
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periment I was the concentration of algae in some of 
the cultures great enough that all of the ammonia was 
assimilated. 

The data from the organic nitrogen determinations 
on the centrifuged supernatant and on the sewage 
medium are presented in figure 5. In experiment I, in 
which the cultures were supplied with 0.1 per cent car- 
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bon dioxide in air, there was no decrease in the concen- 
tration of organic nitrogen in the cultures below that of 
the feed unless the ammonia nitrogen was completely 
depleted. In the other experiments there was a decrease 
in the concentration of dissolved organic nitrogen in 
the cultures having the shorter detention periods but an 
increase in the cultures in which the detention periods 
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Figure 2. Variation in dissolved volatile solids with packed cell volume 
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were longer and the concentration of Chlorella cells 
greater. This pattern closely parallels the variation in 
the BOD as presented in figure 2. The utilization of 
organic nitrogen in the presence of ammonia in the 
cultures which had an inadequate supply of carbon di- 
oxide possibly indicates that some of the nitrogenous 
compounds may serve as sources of both carbon and 
nitrogen. 
DiscussION 

Assuming dissolved volatile solids and BOD to be 
valid measures of dissolved organic matter, it is ap- 
parent that Chlorella cells which are reproducing fairly 
rapidly do utilize some of the dissolved organic com- 
pounds that occur in sewage. Since the nitrogen de- 
terminations indicate that organic nitrogen was reduced 
in some of the cultures in which ammonia nitrogen was 
present, it is possible that the organic compounds which 
were utilized served as sources of both carbon and 
nitrogen. 

In the cultures in which the detention period was 
greater than 3 days, there was always an increase in 
the concentration of dissolved volatile solids and in the 
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BOD of the culture supernatant. The only apparent 
explanation of this phenomenon is the excretion of an 
organic waste by Chlorella. The excretion of waste ma- 
terial by Chlorella has been previously 
(Myers, 1951). 

Taken as a whole the data from the dissolved volatile 
solids and BOD determinations on the supernatants 
from the cultures as compared to those on the sewage 
medium used as the feed indicate that there is both a 
utilization and an excretion of organic matter by 
Chlorella growing in sterilized sewage. It would appear 
that in the cultures containing cells with an average 
age of 3 days or less the rate of utilization of organic 
matter is greater than the rate of excretion of organic 
material. In cultures in which the cells have a longer 
average life span, the rate of excretion of organic matter 
is greater than the rate of utilization and there is a net 
increase in the soluble organic matter in the culture. 
This is consistent with previously published observa- 
tions indicating that older Chlorella cells had a greater 
respiratory requirement for oxygen (Oswald et al., 
1953). 

It is apparent that the availability of inorganic car- 
bon had a decided effect on the rate of utilization of 
organic matter by the Chlorella cells. The cultures of 
experiments IT and III did not develop nearly so dense 
a population of Chlorella cells as did cultures of experi- 
ment I with equivalent detention periods. However, 
the decrease in the dissolved volatile solids and in the 
soluble BOD in the cultures of the second and third 
experimental runs was even more marked than in the 
cultures of the first experimental run. The interpreta- 
tion of these data is clearly that there was a greater 
utilization of organic carbon per unit of cell material 
produced when the supply of inorganic carbon was 
limited. On the other hand, there was a decrease in the 
concentration of dissolved volatile solids in the cultures 
of experiment I indicating that the Chlorella cells did 
take up some of the organic compounds even when ade- 
quate carbon dioxide was available. 

One interesting observation that may be made from 
the volatile solids and BOD data is that in the majority 
of cases the algae increased the content of dissolved 
organic matter in the sewage. Conventional stabiliza- 
tion ponds are operated at: detention periods much 
longer than 6 days and it is to be expected that the algae 
in this type of pond will be excreting more organic ma- 
terial than they are metabolizing. Thus the only benefit 
from the algae in a conventional stabilization pond is 
the oxygen which they produce photosynthetically. 
Their photosynthetic activities increase both the sus- 
pended and dissolved organic matter in the pond and 
place an added burden on the oxidative mechanism of 
the pond or of the receiving waters. Of course, the 
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dize the organic material excreted by the algae and the 
over-all effect would be a decrease in BOD. 
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SUMMARY 


Chlorella pyrenoidosa growing in continuous cultures 
on a sterilized sewage were able to utilize some of the 
organic matter present as evidenced by a decrease in 
the soluble BOD and in the dissolved volatile solids in 
cultures having short detention periods. 

The utilization of organic compounds in sewage by 
Chlorella was influenced by the rate of supply of inor- 
ganic carbon to the culture; the decrease in the organic 
matter per unit of cell weight produced being greater 
when the supply of carbon dioxide was less. 

In cultures having detention periods greater than 3 
days there was always an increase in the dissolved vola- 
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tile solids and in the soluble BOD indicating a secre- 
tion of organic substance by the algae. 
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S. Forest Products Lab- 
oratory on the utilization of wood waste, there is need 
for the analysis of a large number of samples of the 
products resulting from the hydrogenation and fermen- 
tation of wood sugars on a pilot-plant scale (Clark, 
1958a, b; Peterson et al., 1958). Chromatographic 
methods were selected because they provide a relatively 
simple and rapid means of separating and analyzing 
large numbers of samples of such a complex mixture. 
The various isomers of sugar alcohols were not sepa- 


In research work at the U. 


rated. Hexitols were expressed as sorbitol, pentitols as 
xylitol, and tetritols as erythritol. The components thus 
separated were then analyzed by Siggia’s periodic acid 
method (Siggia, 1959) for compounds containing ad- 
jacent hydroxyl groups. The excess periodate was 
titrated with sodium thiosulfate. Preliminary investiga- 
tion of the colorimetric method for formaldehyde pro- 
duced by oxidation, suggested by Neish (1952), revealed 
that the butanol present in samples from the column re- 
sulted in muddy colors that gave unreliable results. 

1 Maintained at Madison, Wisconsin, in cooperation with the 
University of Wisconsin. 


To correct for the presence of butanol in fractions 
from the column, standard calibration curves were 
prepared with reagent-grade samples of each of the 
glycols in the presence of a butanol solvent system used 
for elution of the column. Calibration curves were also 
prepared for each of the sugar alcohols, using Siggia’s 
method of analysis. 


MATERIALS 


Purity of reagents. Some difficulty was experienced in 
establishing the purity of the reagents used for the 
‘alibration curves. Melting point determinations of 
the sorbitol were inconclusive, since published values 
for the melting point are contradictory and differ for 
sorbitol crystallized from various solvents. Vacuum 
drying at 70 to 80 C and 2 mm Hg pressure indicated a 
moisture content of 0.2 per cent. Chromatographic 
analysis of the reagents showed no spots that would 
indicate the presence of impurities. The sorbitol was 
recrystallized from pyridine and then from alcohol 
without increasing the analytical values for purity. 
Reagent grade sorbitol from the three sources used gave 
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similar results. Karl Fisher moisture determinations on 


the glycerol indicated a moisture content of 5.03 per 


cent. This agrees with the value obtained for glycerol 
by the several methods of analysis used. 

Six methods of analysis were used to establish the 
purity of the materials used to prepare the calibration 
curves. Data for the results obtained by the various 
methods are presented in table 1. These data show rea- 
sonable agreement of results obtained by all of the 
methods for xylitol, erythritol, glycerol, and propylene 
glycol. Values obtained by methods IT, III, and IV were 
low for sorbitol and those for method II were low for 
ethylene glycol. 

It appears that the low results with sorbitol obtained 
by method II are due to the thiosulfate titration, since 
samples of sorbitol oxidized by method II, when ad- 
justed to pH 7.5 with NaHCO; and titrated by method 
I (arsenite-iodine), gave results equivalent to those 
obtained by oxidation and titration by method I. Sam- 


TABLE 1 
Results of 6 methods of analyzing purity of reagents used for 
preparation of known solutions* 





Purity Determined by Methodt 


Reagent aks aaeibei . — : coke - 
I II Ill IV Vv VI 
sich % % % Te % % 
Sorbitol (Fisher 
no. $460)t 99.1 94.5 | 95.8 94.9 100.5 98.6 
Xylitol : 100.7 97.6 99.5 101.7 
Erythritol (Pfan- 
stiehl no. 3745)§ 100.3 98.4 99.3 100.4 104.0 


Glycerol (Fisher 
reagent G-33) 95.7 | 95.8 | 95.4 95.0 | 95.4 | 96.4 
Propylene glycol 
(Fisher no. P354)) 101.4 98.9 —§ (100.0 
Ethylene — glycol 
(Fisher no. E178) 100.3 91.42 99.7 | 99.7 





* Method I: Neish (1952). Oxidation with periodic acid fol- 
lowed by measurement of excess periodate using arsenite and 
iodine. 

IL: Siggia (1959). Oxidation with pericdic acid followed by 
measurement of excess periodate by sodium thiosulfate. 

Ill: Bradford et al. (1942). Oxidation with periodic acid 
and measurement of formic acid using sodium hydroxide. 

IV: Neish (1952). Oxidation with periodic acid followed by 
colorimetric determination of formaldehyde formed using 
chromotropic acid. 

V: Neish (1952). Oxidation with potassium dichromate fol- 
lowed by measurement of the excess dichromate using sodium 
thiosulfate. 

VI: Carbon and hydrogen determination. ‘‘Pregl’’ micro- 
combustion. 

+ The concentration of periodic acid is different in methods 
I, II, III, and IV. Values represent at least triplicate determi- 
nations and in some cases as Many as 36 analyses over a 2-year 
period. 

t Fisher Scientific Company, Pittsburgh, Pennsylvania. 

§ Pfanstieh] Chemical Company, Waukegan, Illinois. 

€ Reaction not stoichiometric. See and Rieman 
(1956). 
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ples oxidized by method I and titrated by method I] 
(thiosulfate), without addition of NaHCOs, gave low 
results equivalent to complete analysis by method II, 
Samples oxidized by method III could not be titrated 
by method II (thiosulfate) because the pH of the solu- 
tion was above 5. In this case the iodate would oxidize 
the iodide (Neish, 1952). In method IV, the oxidation 
time specified for glycerine (5 min) was increased for 
sorbitol to 15 min. Longer oxidation times resulted in 
lower values. Oxidation times for ethylene glycol by 
method II were increased from the regularly used 30 
to 120 min without appreciably increasing recovery. 

On the basis of data in table 1, oxidation with periodic 
acid foliowed by titration with arsenite and iodine, as 
described in method I, would be recommended for the 
determination of these sugar alcohols and glycols. 

Since the methods were first set up for the analysis 
of glycerol, Siggia’s method (1959) was satisfactory. 
When additional analyses for sorbitol, erythritol, 
xylitol, ethylene glycol, and propylene glycol were re- 
quired, this method was still used and results were 
calculated on the basis of calibration curves. In pre- 
paring these curves (figures 1 to 3) 100 per cent purity 
was assumed for sorbitol, xylitol, erythritol, propylene 
glycol, and ethylene glycol. A value of 95.6 per cent 
was used for the purity of the glycerol, the average for 
the six methods used for the analysis (table 1). 


EXPERIMENTAL METHODS 


Paper chromatography. Whatman no. | filter paper, 
selected especially for chromatography, was found to 
be the most satisfactory of a number tried. It was used 
in 18- by 24-in. sheets with the long dimension vertical, 
so that the developing solvent flowed in the machine 
direction of the paper. 

The sample may be applied in several ways. At the 
Forest Products Laboratory a thin streak of the sample 
is applied approximately 5 in. down from the top of 
the paper. This is done with a small medical syringe 
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ETHYLENE] GLYCOL (MG.) 
Figure 1. Calibration curve for ethylene glycol in butanol 
and water solvent system by periodate oxidation method II. 
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fitted to a sled that travels on a steel guide bar. The 
back end of the plunger of the syringe is rounded to a 
smooth ball. This ball slides along the edge of a second 
steel bar that is mounted at an angle to the first bar. 
By drawing the syringe along its guide bar, the plunger 
is forced into the syringe and the solution is forced out 
the tip onto the paper at a uniform rate. The amount 
of sample delivered by the syringe can be altered by 
changing the angle between the bars; or syringes of 
different sizes can be used. This apparatus is shown in 
figure 4. 

The syringe is calibrated by weighing it before and 
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after a sample is delivered to a sheet of paper. The 
weight of sample applied, corrected to volume, is then 
divided by the width of the paper to give the volume 
delivered to a unit width of paper. Deviations of less 
than 0.2 per cent in volume over successive 75-mm 
portions were obtained. The volume applied was 30 \ 
(0.03 ml) for a strip 75-mm wide. Samples applied 
contained from 0.5 to 10 per cent of product. More 
concentrated products were weighed and diluted to 
the above range for spotting. 

Development and elution techniques were similar to 
those suggested by Saeman et al. (1954). The develop- 
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Figure 2. Calibration curve for glycerol by periodate oxidation method II 
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Figure 3. Calibration curve for sorbitol by periodate oxidation method II 
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ing solvent used was butanol-pyridine-water in the 
ratio of 10:3:3 by volume. Satisfactory separation 
was obtained in approximately 19 to 20 hr at a constant 
temperature of 30 C. 

The zones of the sugar alcohol in the developed 
chromatogram were located by spraying the indicator 
tabs with ammoniacal silver nitrate. 

After elution, the pipettes containing the eluate or 
an aliquot containing 0.250 to 0.800 mg, which cor- 
responds to the linear part of the calibration curves 
for the isolated compound, are emptied into 250-ml 
glass-stoppered Erlenmeyer flasks, each containing 
approximately 25 ml of distilled water. To each flask 
is added 20 ml of 0.01 ~ periodic acid, made by dissolv- 
ing 0.2847 g of periodic acid in 400 ml of glacial acetic 
acid and diluting to 1 L with distilled water. Since 
oxidation temperatures of 5, 20, 30, and 40 C give the 
same results for glycerol, and since oxidation times of 
15, 115, and 2's hr give the same results for glycerine 
and sorbitol, an oxidation time of !y hr at room tem- 
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perature is used for subsequent analysis. Therefore, 
after adding the periodic acid, the sample is allowed 
to stand for 1% hr, after which 5 ml of 4 per cent 
potassium iodide are added to the flask and the liberated 
iodine is titrated with 0.01 N sodium. thiosulfate, 
using a 1 per cent starch solution as an indicator, 
Reagent blanks are run with each set of analyses. It is 
essential that the sample titration be more than 8) 
per cent of the blank titration to make sure there is 
sufficient reagent present for 
(Siggia, 1959). 


tesults were calculated as g of isolated compound 


complete oxidation 


TABLE 2 


Analysis of known solutions 


Solution A Solution B 
Avg Re- 


covery 


Mixture 


Conc Recovery*| Conc | Recoveryt 


or oC oy ¢ 
€ « « ¢ 


Mixture No. 1 
Sorbitol 5.024 | 99.28 | 5.059 | 94.60 | 96.9% 
Xylitol 0.505 | 102.34 | 0.553 | 92.83 | 97.59 
Erythritol. . 1.007 | 98.90 | 0.994 | 100.55 | 99.73 
ee .| 14.372 | 103.10 |14.424 | 95.04 | 99.07 
Propylene glycol .| 10.026 | 100.21 10.009 | 95.12 | 97.67 
Ethylene glycol..| 5.080 | 97.10 | 5.010 | 95.81 96.46 
Mixture No. 2 
eS ae 10.000 97.59 |10.136 98 . 36 97 .98 
Xylitol - 0.995 | 101.72 | 1.171 | 96.17 | 98.9% 
Erythritol.......| 3.015 | 95.16 | 3.122 | 98.27 | 96.72 
Glycerol 9.726 | 97.81 | 9.521 | 98.94 | 98.38 
Propylene glycol .| 10.032 | 99.08 | 9.988 | 101.52 | 100.30 
Ethylene glycol. .| 5.004 | 98.96 | 3.073 | 100.23 | 99.60 
Mixture No. 3 


Glycerol 









































Bermitel.......... 15.098 99.21 |15.116 96.38 | 97.80 
SS ee 2.036 | 97.49 | 2.306 | 91.91 94.70 
Erythritol...... 5.067 | 92.48 | 4.989 | 93.83 | 93.16 
Giyeerol .......<. 4.848 | 100.77 | 5.149 | 96.68 | 98.73 
Propylene glycol.) 5.022 | 99.10 | 5.010 | 102.20 | 100.65 
Ethylene glycol. .| 3.129 | 101.28 | 3.073 | 102.18 | 101.73 
Figure 4. Apparatus for applying samples to chromatog- * Average of analyses on 4 separate days. 
raphy paper. + Average of analyses on 3 separate days 
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Figure 5. Separation of glycols in butanol and water solvent system on cellulose column 
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per 100 ml of sample by use of the appropriate calibra- 
tion curve. These values can be corrected to weight 
values in per cent by the use of the specific gravities 
of the samples, thus: 

g of compound 


: 100 
ml or g of sample applied 


For the more concentrated solutions (above 10 per 
cent), weights of sample were used in the calculations. 

Column chromatography. The column used for this 
work was prepared in glass tubing 7 mm inside diameter 
by 32 in. long. Since preliminary results with Celite 
packing were unsatisfactory, powdered cellulose was 
selected as a packing material. Commercially available 
powdered cellulose was too fine and gave slow flow 
rates with the solvent system. Because of this, a 
packing was prepared by grinding a high a-bleached 
sulfate Douglas-fir pulp in a Wiley Mill’ to pass a 
1 mm screen. Columns were packed with this coarser 
material for a length of 30 in. to give a flow rate of 5 
ml of solvent per hr when an air pressure of 10 lb per 
sq in. was applied. The packed columns were prepared 
for operation by thoroughly soaking the cellulose with 
water for 14 to 18 hr and then washing it with the 
solvent (84 per cent butanol, 16 per cent water by 
volume) for several days. The washing was continued 
until satisfactory separations were obtained. Satis- 
factory separations of ethylene and propylene glycol 
were obtained in 12 hr. 

To increase the number of samples that could be 
handled, two columns were operated in tandem, using 
a drop-counting fraction collector. Twenty-mg samples 
containing from 2 to 10 per cent of glycols were weighed 
in a micropipette and then applied to a small filter 
paper dise resting on top of the cellulose. One hundred 
ml of solvent (84 per cent butanol, 16 per cent water) 
were then put through the column and collected in 
5-ml fractions. These fractions were analyzed in the 
same way as the compounds separated on paper. A 
curve shown in figure 5 was then drawn to show the 
separation obtained and the order in which the fractions 
were removed from the column. 

After being washed with 15 ml of water followed by 
15 ml of the solvent, the column is again ready for use. 
It may be used repeatedly with no noticeable change 
in its characteristics. 

RESULTS 

Known mixtures of the pure compounds were pre- 

pared by weight and compositions calculated on the 


? Arthur H. Thomas Company, Philadelphia, Pennsylvania. 


basis of data in table 1. The mixtures prepared were 
similar to samples expected from pilot-plant research. 
These mixtures were analyzed by the methods de- 
scribed above. 

Results calculated on the basis of calibration curves 
are shown in table 2. Recoveries were judged good for 
complex mixtures of this kind. Several thousand 
samples were analyzed by these methods in connection 
with the hydrogenation and fermentation research on 
wood sugars. 


SUMMARY 


Paper and column chromatography were employed 
to separate mixtures of sorbitol, xylitol, erythritol, 
glycerol, propylene glycol, and ethylene glycol in 
products produced by hydrogenation and fermentation 
of wood sugars. Paper chromatography was used for 
the separation of all products except propylene and 
ethylene glycol, which because of volatility gave low 
results. A cellulose column was used to separate the 
glycols. After separation by either method, the alcohols 
and glycols were analyzed individually by periodate 
oxidation. All sugar alcohol isomers were not resolved, 
but the method permitted rapid, reliable comparison 
of the complex product mixtures from the sugar reac- 
tions. 
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Species of the genus Streptomyces and of related 
genera of the Actinomycetales, at one time considered 
to be microbiological curiosities of no great economic 
importance, have become the subjects of intensive 
searches for sources of new, biologically active com- 
pounds. The demonstrated ability of these micro- 
organisms to produce useful antibiotics and to carry 
out other transformations of commercial interest has 
focused attention on factors bearing on their isolation 
from their natural habitat, the soil. It would be de- 
sirable, therefore, to be able to isolate aerobic soil- 
inhabiting actinomycetes with a minimum of inter- 
ference from associated bacteria and higher fungi. 

There have been a number of reports in the literature 
dealing with selective isolation of the higher fungi at 
the expense of bacteria or of bacteria at the expense of 
molds. Several investigators used antibiotics as the 
selective agents. For example, Beech and Carr (1955) 
found cycloheximide, gliotoxin, and frequentin to be 
effective selective yeast and mold inhibitors in apple 
juices and ciders. Phillips and Hanel (1950) found 
cycloheximide to be inactive against representatives of 
27 species of bacteria and suggested that this anti- 
fungal antibiotic might be used to rid bacterial cultures 
of contaminating molds. On the other hand, Butler and 
Hine (1958) selectively isolated fungi from soil plated 
on potato dextrose agar adjusted to pH 5.6 to 6.1 and 
to which were added 100 ug per ml of the antibiotic 
novobiocin. 

Turning to preferential actinomycete isolation, Crook 
et al. (1950) found sodium propionate to be an effective 
fungal inhibitor, useful for their Streptomyces program. 
Corke and Chase (1956), in their microbiological in- 
vestigations of heavily mold-infested acid forest soils, 
studied the use of both sodium propionate and cyclo- 
heximide as medium additives. They reported 
cycloheximide to be the more effective compound of 
the two and recommended its addition to actinomycete 
isolation media at a level of 40 ug per ml of agar. In 
their hands, cycloheximide at 100 ug per ml showed no 
suppression of any of 85 actinomycete cultures. 
Dulaney et al. (1955) isolated Streptomyces selectively 
on a nutrient agar medium containing, per ml: cyclo- 
heximide, 20 units; polymyxin, 20 units; subtilin, 20 
units; and penicillin, 20 units. They stated that the 


amounts of antibiotics in the medium were critical 
and that, whereas the selective inhibition of molds could 
be accomplished, the separation of streptomycetes and 
bacteria was a difficult achievement. 

The fact that the development of Streptomyces 
colonies on agar plates could be favored over bacteria 
by selection of the nitrogen source in the medium was 
reported by Benedict et al. (1955). They noted that 


L-arginine is readily attacked by most streptomycetes } 


and they recommended the use of this amino acid asa 
replacement for the glycine of the glycerol-glycine 
medium of Lindenbein (1952). 

We have achieved a set of conditions very favorable 
to the preferential isolation of actinomycetes from 
soils by combining the principle of the selective inhibi- 


tion of molds by means of an antifungal antibiotic with } 


that of the use of Benedict’s modification of the Linden- 
bein medium to limit bacterial development. A surface- 
layering technique enhances the effectiveness of the 
isolation procedure. 


METHODS AND RESULTS 


Plating procedure. A plating method described by 
Kelner (1948) was employed in carrying out most of 
these studies. The technique is one which ensures the 
development of microorganisms surface 
colonies, thus greatly expediting their tentative identi- 
fication and comparison. Fifteen-ml aliquots of an 
appropriate medium were poured into Petri dishes and 
allowed to harden to form a basal layer. Soil samples 
were suspended in sterile water, appropriately diluted 
and 1 ml of each desired dilution pipetted into 14-ml 


most as 


portions of agar medium maintained at 48 C in a water ) 


bath. Five-ml quantities were then pipetted onto the 
hardened surfaces of two basal layers, thus providing 
duplicate plates for each dilution. The composition of 
the agar, including additives, of both basal and surface 
layers was identical. An exception to this procedure was 
the plating out by the conventional nonlayering method 
of cultures contaminated with molds by design. 
Nutrient media. A number of nutrient media, for 
example, asparagine dextrose, Emerson, Czapek, yeast 
extract, and Bennett agars, are commonly used to 
investigate the growth and development of aerobic 
actinomycetes. Where bacteria are numerous in soils, 
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none of these media are particularly satisfactory for 
streptomycete isolation and some, such as yeast extract 
agar, actually potentiate spreading bacterial colonies. 
The writers, however, have obtained consistently good 
results with Benedict’s modification of the Lindenbein 
medium.'! That it is possible to obtain plates with this 
medium on which streptomycetes are growing almost 
exclusively is shown in figures 1 and 2. These figures 
also demonstrate the virtual impossibility of isolating 
actinomycetes from the same soil sample on some 
other media. 

Antibiotic additives to culture media. Antibacterial 
antibiotics such as the tetracyclines, polymyxin, neo- 


‘Composition (per L): glycerol, 20 g; L-arginine, 2.5 g; 
NaCl, 1 g; CaCOs, 0.1 g; FeSO,-7H20, 0.1 g; MgSO,-7H20, 0.1 g; 
agar, 20 g. 
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mycin, and streptomycin alone or in combination were 
added to several agar media at levels ranging from 
0.5 to 100 ug per ml. Selective inhibition of bacteria 
was not satisfactorily achieved. However, since the 
Benedict medium modification achieved the purpose 
of favoring the actinomycete to bacterium colony ratio, 
attention was turned to the use of antifungal agents in 
the medium. 

In our antibiotic screening program a polyene anti- 
biotic, designated A-5283, with a broad spectrum of 
activity against fungi was isolated. This antibiotic, 
subsequently identified as pimaricin, was found to be 
eminently suitable for eliminating molds from soil 
dilution plates at a level of 50 ug per ml. Moreover, at 
100 ug per ml, A-5283 was without observable effect on 
Streptomyces populations. 


Figure 1. Isolation plates from a New Jersey soil, 3 X 10-* dilution. Benedict agar (upper left), yeast agar (upper right), asparagine 


dextrose agar (lower left), Bennett agar (lower right). 





Figure 2. Isolation plates from an Indiana soil, 3 X 10~* dilution. Benedict agar (upper left), yeast agar (upper right), asparagine 
dextrose agar (lower left), Bennett agar (lower right). 


Fig 
Penici 
Plates 


Figure 3. Isolation plates from a Mississippi soil. Top row, left to right: Benedict agar plates containing 0, 5, 25 and 50 ug of anti-§ 
biotic A-5283 per ml of agar, respectively. Bottom row, left to right: Plates containing asparagine dextrose, Emerson, Czapek, yeé 
and Pennett agar, respectively. No A-5283. 


176 





aragine 


of anti- 


k, yeast, 


1960} 


Antibiotic A-5283 is water-insoluble and can with- 
stand autoclaving at 15 lb pressure for 15 min with 
less than 10 per cent loss of activity. A stock solution of 
A-5283 at 1 mg per ml is prepared in N, N-dimethyl- 
formamide and dispensed in agar media at desired 
levels before autoclaving. It has been our experience, 
however, that agar media containing A-5283 cannot be 
kept for more than 3 days, even under refrigeration 
conditions, without further loss of antibiotic activity. 
Figures 3 and 4 illustrate dilution plates made from a 


ISOLATION OF ACTINOMYCETES FROM SOILS 


Mississippi soil and from a local greenhouse soil. Com- 
plete mold suppression is shown on Benedict agar plates 
containing 50 wg per ml of A- Less complete 
inhibition is indicated at lower levels. Heavy mold 
growth and complete suppression of actinomycetes from 
the same occurred on asparagine dextrose, 
“merson, Czapek, yeast, and Bennett agars lacking 
A-5283. 

The facility with which streptomycetes may be 
selectively isolated from soil on the Benedict agar-A- 


soils 


Figure 6. Plating on yeast-malt agar of Streptomyces lavendulae cultures contaminated with (from left to right) Neurospora crassa, 
Penicillium chrysogenum, Saccharomyces cerevisiae, Rhizopus nigricans. Top Row: plates containing 50 wg per ml of A-5283. Bottom row: 


2 


Plates without antibiotic A-5283. 
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5283 combination has led us to incorporate the tech- 
nique in our routine isolation program. In 521 soil 
samples collected on a world-wide basis and studied 
by this technique, the numbers of streptomycetes per g 
were highly variable, normally ranging from 10‘ to 10°. 
Bacteria were a serious handicap to isolation in the case 
of 49 soils, and yeasts or molds were a problem in 11 
soils. In only one soil, however, were contaminants 
present in such numbers that the isolation of Strepto- 
myces by our method was impossible. For practical 
reasons, actual comparisons with other isolation media 
on the same soils was not feasible. However, in an earlier 
phase of the program, unamended asparagine dextrose 
agar was used to isolate Streptomyces from 332 soils of 
various origins. In the case of 92, contaminants were a 
serious problem and from 52 no streptomycete isolates 
could be obtained. 

Culture decontamination. Since A-5283 is such an 
efficacious antifungal agent for soil isolation work, the 
use of this antibiotic in decontaminating mold-infested 
Streptomyces cultures also suggested itself. To test the 
idea, a spore suspension of a strain of Streptomyces 
lavendulae was prepared in sterile saline and portions 
mixed separately with each of the following fungi: 
Rhizopus nigricans, Penicillium chrysogenum, Saccharo- 
myces cerevisiae, and Neurospora crassa. Approximately 
0.5-ml amounts of each mixture and of S. lavendulaz 
spores alone were incorporated in yeast-malt agar 
containing 50 wg per ml of A-5283 in poured Petri 
plates. Plates without A-5283 were included. The anti- 
biotic A-5283 had no visible effect on the development 
of the Streptomyces cultures but the growth of the 
fungal contaminant was completely inhibited in all 
vases (figure 5). Several mold-contaminated Strepto- 
myces cultures in our collection have been successfully 
freed of the fungus contaminant by the use of this 
antibiotic. 

At appropriate concentrations, other antifungal anti- 
biotics can be employed effectively both in soil isolation 
plates and in decontamination work. We have found 


[voL. 8 


both nystatin and cycloheximide at 50 ug per ml to be 
satisfactory in these respects. 


SUMMARY 


A method is described of combining an antifungal 
antibiotic with a glycerol-arginine medium which 
selectively encourages the development of aerobic, soil- 
inhabiting actinomycetes on isolation plates. Surface 
layering of the inoculated agar ensures the growth of 
most organisms as surface colonies. Such antifungal 
antibiotics as pimaricin (A-5283 from our antibiotic 
program) nystatin, and cycloheximide were used suc- 
cessfully to suppress molds in isolation plates. These 
antibiotics were also found to be useful in decontaminat- 
ing mold-infested Streptomyces cultures. 
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As part of a survey to determine the suitability of 
microorganisms as sources of protein and amino acids, 
the lysine, methionine, and tryptophan in the cells of 
271 strains of yeasts were determined. Yeast cells are an 
established source of proteins and vitamins in feeds. As 
agroup, yeast possess certain advantages for large-scale 
propagation of cells. They can be grown easily on a 
variety of carbohydrate substrates and the cells can 
be separated conveniently from the culture liquor and 
dried. The lysine, methionine, and tryptophan contents 
of bacteria were reported in a previous publication 
(Anderson et al., 1958). 


MeETHODS 


Production of cells. The representative yeasts studied 
during this work were selected from the Agricultural 
Research Service (ARS) Culture Collection maintained 
by the Fermentation Laboratory at the Northern 
Utilization Research and Development Division. The 
yeasts first were grown on slant cultures on a medium 
composed of glucose, 1 per cent; peptone, 0.5 per cent; 
yeast extract, 0.3 per cent; malt extract, 0.3 per cent; 
and agar, 2.0 per cent. Cells washed from 24- to 48-hr- 
old slant cultures of the yeasts grown on this medium 
were used as inocula for flask cultures. The cells used 
for analysis were obtained from cultures of the yeasts 
ina medium containing (per L): commercial glucose, 
33 g; yeast extract, 2.5 g; urea, 2.0 g; KHePO,, 1.5 g; 
and MgSO,-7H.O, 0.5 g. Portions (140 ml) of this 
medium, contained in 500-ml Erlenmeyer flasks, were 
inoculated with 10 ml cell suspensions and incubated 
for 66 hr at 28 C on a rotary shaker. At the end of the 
fermentation period, the cultures were adjusted with 
distilled water to their original volymes (150 ml) and 
the cells were harvested by filtration of the cultures 
under vacuum through fine texture filter paper? in 
Buchner funnels. The clear filtrates were removed and 
refrigerated after determination of the pH. Yeast cells 

' This is a laboratory of the Northern Utilization Research 
and Development Division, Agricultural Research Service, 
U.S. Department of Agriculture. 

* Schleicher and Schuell no. 507 filter paper was most satis- 


| factory and was routinely used to separate the yeast cells from 


the culture liquor. The mention of products does not imply 
endorsement by the U. S. Department of Agriculture over 
others of the same quality. 
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retained on the filter paper were washed twice in situ 
with liberal quantities of distilled water and then were 
removed from the paper to tared crucibles with the aid 
of a spatula. The harvested cells were dried for 120 hr 
at 80 C in an air oven and were subsequently weighed 
to determine the yield of cells. The dried cell mass was 
finely ground in a Wiley mill (60 mesh screen), and the 
resultant cell material was stored in screw-capped vials 
at room temperature until analyzed. Ordinarily, enough 
cells were obtained from the harvest of duplicate 150-ml 
quantities of the fermentation broths to provide suffi- 
cient dried material on which to conduct the analyses. 

Methods of analysis. The sugar content of culture 
filtrates was determined by the method of Shaffer and 
Somogyi (1933). The nitrogen content of the cells was 
measured by a micro-Kjeldahl technique. Lysine and 
methionine were determined by microbiological assay of 
acid hydrolyzates of the cells. Five-ml quantities of 
2.5 N HCl were added to 200-mg samples of the dried 
cells in small test tubes, the tubes were sealed, and 
the hydrolyses were carried out in an autoclave at 121 C 
for 16 hr. The crude hydrolyzates obtained were ad- 
justed to pH 4.0 with NaOH and were immediately 
filtered through sintered glass filters to remove the 
residual particulate cell material and humin. Humin, 
which is formed by the interaction of amino acids and 
other cell material during acid hydrolysis, causes still 
further loss in amino acids upon continued contact and 
seriously interferes with the microbiological determina- 
tion (Horn et al., 1953, 1955). Accordingly, the hy- 
drolyzates were adjusted to pH 4.0 before filtration to 
insure maximal precipitation of the humin. The pH of 
the filtered hydrolyzates was further adjusted with 
NaOH to pH 6.8. Hydrolyzates then were made to an 
appropriate volume and aliquots of the diluted material 
were utilized for microbiological assay employing modi- 
fications of the procedures and media of Steele et al. 
(1949). Leuconostoc mesenteroides P-60 (strain NRRL 
1153) was used for the measurement of both lysine 
and methionine in the hydrolyzed cell material; growth 
of the assay organism was determined turbidimetrically. 

The tryptophan content of yeast cells was estimated 
colorimetrically according to the method of Spies and 
Chambers (1948, 1949). This method, which is based 
on the color reaction of tryptophan with p-dimethyl- 
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aminobenzaldehyde, was developed for the analysis of organisms of different genera occur within a relatively the | 
unhydrolyzed protein and employs 19 nN H.SOQ, to effect narrow range. The relative abundance of the three § acid 
solution of proteinaceous material. The concentrated amino acids concerned is generally the same; lysine js iw 
acid employed made possible application of this reaction about 5 to 6 times as abundant as is methionine, which the 1 
to the direct analysis of intact microbial cell material. in turn is present in about 11% times greater concentra. XN 
Previous attempts to utilize a variety of alkaline tion than is tryptophan. Average values and standard taine 
hydrolysis procedures on the cells had proved unsatis- deviations for these amino acids for the total number of nett 
factory, either because solubilization of the cell ma- yeasts examined illustrate this point. The amounts of corre 
terial was incomplete or because tryptophan was de- cellular methionine, lysine, and tryptophan determined a 
stroyed during the procedure. To estimate tryptophan in this work agree with the values obtained from the tryp’ 
by the Spies and Chambers procedure, weighed samples limited literature reports (Anderson and Jackson, 1958), sad 
of the dried, ground cells were placed in test tubes lor example, the average of the eight analyses for the eas 
equipped with ground glass stoppers, p-dimethylamino- lysine content of yeasts cited by these authors is 7.8 ¢ ins 
benzaldehyde in 19 xn H2SO, was added, and the mixture lysine per 16 g nitrogen. There is probably no significant furtl 
of cells and reagent was shaken for 16 hr at 28 C. difference between this value and that reported in table 
Because residual insoluble cell material sometimes re- 1 (7.2 + 1.1). The average lysine content of three 
mained after the acid treatment and because the yeasts (6.8 g per 16 g N) reported by Reusser et al, 
action of the H.SO, alone on the cells often gave color, (1957) agrees with the over-all average obtained in our § 
determinations employing 19 Nn H.SO, without p-di- work. In comparison to our results, a somewhat greater 
methylaminobenzaldehyde were made and the results amount of methionine (2.0 g per 16 g N) and a markedly 
of the analysis were corrected accordingly. Sodium greater amount of tryptophan (3.8 g per 16 g N) were 
nitrite was added to develop the color; the color reaction reported by these workers. They used a method for 
mixtures were filtered when necessary through sintered tryptophan analysis based on a xanthroproteic reaction 
glass filters to remove particulate material and the Similar differences in the reported tryptophan content 1, A 
color was measured spectrophotometrically. The of bacteria were noted earlier (Anderson et al., 1958). [— ? B 
amount of tryptophan was calculated by reference to a The amount of lysine, methionine, and tryptophan inf : ; 
standard curve prepared with pure DL-tryptophan. the cell protein of the yeasts could not be correlated) 5 ¢ 

with their classification. Differences in the amounts oi) 6. D 





SSULTS AND DiIscUSSION : ahpage ae é : 
RESULTS AND Discussion these amino acids in the cells of different species orf 7. D 





Lysine, methionine, and tryptophan contents of the between strains of the same species were as great a— ° 2 
cells of 271 strains of yeast were determined. Most of were the variations determined for organisms grouped Z z 
these strains occur among 196 species falling in 32 in different genera. For example, Brettanomyce® \) p 
genera. A miscellaneous group of yeasts also was ex- schanderlii had the greatest amount of lysine (10.2 gy 12. G 
amined; among these were hybrid yeasts, a yeast-like per 16 g nitrogen) of any organism examined, whereas} 13. H 
mold, several yeasts unidentified as to genera, and a another species of the genus, Brettanomyces italicus, hai | 4 
colorless alga. The data obtained by the analysis of the least (3.8 g per 16 g nitrogen). The variation et- “pe 
these yeasts are summarized according to genera in countered between strains of the same species is illus) 77, 
table 1. trated by the results obtained during the examinatiof— 18, 

The amino acid content of the cells was calculated as of 4 strains of Candida robusta (9.8, 7.9, 7.3, and 786 9. NV 
“g amino acid per 16 g of nitrogen’”’ and thus approxi- lysine per 16 g nitrogen) and of 5 strains of Sacchare- 4 - E 
mates the percentage of a given amino acid in the cell myces lactis (7.4, 7.1, 7.3, 8.6, and 7.9 g lysine per 16:9 » P. 
protein. The amount of nitrogen in the cells is included nitrogen). Furthermore, the 12 strains of yeasts whith 93. p 
in table 1 to allow appraisal of the protein content of had the highest content of lysine in their cell proten§ 24. Ss: 
the yeast cells and also to permit calculation of the were classified in 10 different genera. Similarly, the }— 2. Sc 
amount of the amino acids per g of dry cell material. strains of yeasts which contained the most methionine 6. 8 
Differences in the amino acid and protein content of or tryptophan were classified in 10 genera and 9 gener® 7 i: 
species within a genus can be ascertained by inspection respectively. No organism was found whose cell prote!® 9. 8) 
of the data, which show the range of values obtained, contained much more than the average amount of 1B 2. 7 
as well as by noting standard deviations. Standard three amino acids; a few yeasts had a relatively larg™ *. 7 
deviations are included only for those genera in which amount of two of the three amino acids determine™ = : 
six or more strains were examined. Values obtained for the miscellaneous group listed i 33 M 

It is apparent from the data in table 1 that there is table 1 do not deviate greatly from those obtaine 
a considerable degree of uniformity in the range of for the yeasts as a whole. The colorless alga, Protothe = Tot 
amino acid composition of the yeast strains. The sp., presumably the organism most unlike the other oe 
average values for a given amino acid in the cells of phylogenetically, had a comparatively low content (% th 
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the nitrogen in the cells (2.0 per cent) but the amino 
acid to nitrogen ratios for lysine, methionine, and 
tryptophan were within the ranges determined for 
the yeasts. 


No individual strain of yeast was found which con- 
tained in its cell protein a marked disparity of lysine, 
methionine, or tryptophan. Neither was any obvious 
correlation found between the amount of protein in the 
cell and the proportion of lysine, methionine, or 
tryptophan in the cell protein. Yeast cells undoubtedly 
contain a variety of different cellular proteins. Pre- 
sumably each of the protein components of the cell 
has a definite function in the cell metabolism; it can be 
further assumed that the amino acid composition of a 
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given cell protein is rather rigidly established in order 
for that protein to fulfill its proper function. Therefore, 
variation in the amount of amino acids such as lysine, 
methionine, or tryptophan could most likely come 
about by variation in the relative amounts of the 
different proteins rather than by variations in the com- 
position of individual proteins. Although the proteins 
of the living cell must suffice for all the diverse fune- 
tions of cellular metabolism, it must be concluded that 
the compositions for different yeasts, like those for 
bacterial cells previously studied (Anderson et al., 
1958), do not show marked variation in amino acid 
concentration. The diversity in form, structure, and 
physiology which causes these yeasts to’ be classified 


TABLE 1 


Nitrogen, lysine, methionine, and tryptophan content of yeasts 


Cell Nitrogen (%) 





| 
Amino Acid (g per 16 g N) 
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Genus eh see nd Lysine Methionine Tryptophan 
Range Avg : 
Range | Avg Range Avg Range Avg 
paneer 
1. Ashbya l 1 | 4.2 | 6.3 | 1.4 0.6 
2. Brettanomyces Ff 7 | 5.6-8.2 | 6.4 + 1.1 | 3.8-10.2) 8.2 + 2.0 | 0.7-1.6 | 1.3 + 0.3 | 0.5-0.9 | 0.7 + 0.2 
3. Candida .| 34 26 | 4.7-8.4 | 6.4 + 1.0 | 5.0-9.8 | 7.44 1.1 | 0.4-1.5 | 1.2 + 0.3 | 0.4-1.5 | 0.8 + 0.2 
4. Chalara 1 1 6.3 | 6.0 1.6 1.0 
5. Cryptococcus 9 6 | 2.6-7.8 | 5.4 + 1.4 | 5.1-8.6 | 6.6 + 1.2 | 1.1-1.7 | 1.4 + 0.2 | 0.5-1.1 | 0.9 + 0.2 
6. Debaryomyces . 10 9 | 3.3-8.2 | 5.6 + 1.5 | 5.8-7.9 | 6.9 + 0.7 | 0.7-1.4 | 1.0 + 0.2 | 0.4-1.0 | 0.7 + 0.2 
7. Dematium 2 1 5.9-8.0 | 7.0 | 6.7-7.2 | 7.0 | 1.1-1.5 | 1.3 1.2-1.2 | 1.2 
8. Dipodascus 2 2 | 3.9-5.3 | 4.6 | 4.5-5.8 | 5.2 | 0.6-0.9 | 0.8 0.6-0.7 | 0.6 
9. Endomyces 4 4 4.6-8.1 | 5.9 5.6-6.2 | 6.0 0.6-1.1 | 0.8 0.4-0.8 | 0.6 
10. Endomycopsis 11 8 | 3.4-7.1| 4.9 + 1.2 | 6.0-8.4 | 6.9 + 0.8 | 0.6-1.3 | 0.8 + 0.3 | 0.3-1.0 | 0.6 + 0.2 
ll. Eremothecium 1 1 4.2 we: | 1.4 1.2 
12. Geotrichum 3 2 | 5.47.7 | 6.5 | 5.9-9.0 | 7.4 1.3-1.5 | 1.4 0.4-1.6 | 1.0 
13. Hanseniaspora 2 2 | 6.9-7.1 | 7.0 | 8.3-9.0 | 8.6 1.4-1.4 | 1.4 0.9-1.0 | 1.0 
14. Hansenula 33* 23 | 4.3-8.4 | 6.3 + 1.1 | 5.8-8.8 | 7.2 + 0.7 | 0.5-1.6 1.0 + 0.2 | 0.4-1.4 | 0.9 + 0.2 
15. Kloeckera 10 8 | 4.2-8.4 | 7.2 + 1.2 | 5.3-9.5 | 7.8 4 1.2 | 0.8-1.6 | 1.2 + 0.3 | 0.5-0.9 | 0.7 + 0.1 
16. Kluyveromyces 2 1 | 7.4-7.8 | 7.6 7.48.5 | 8.0 1.5-1.6 | 1.6 0.4-0.5 | 0.4 
17. Lipomyces 2 2 | 4.7-5.4 | 5.0 | 6.5-7.8 | 7.2 1.4-1.4 | 1.4 0.5-0.8 | 0.6 
18. Mycocandida 1 1 6.6 | 9.4 j ee 0.7 
19. Nadsonia 2 2 6.3-6.5 | 6.4 7.4-8.2 | 7.8 1:3-1,2. 1 2.2 0.9-1.0 | 1.0 
20. Nematospora 1 1 5.2 5.4 1.0 0.3 
21. Pichia 15 10 | 4.8-8.7 | 6.8 + 1.1 | 7.1-8.7 | 7.7 + 0.3 | 0.9-1.7 | 1.3 + 0.05) 0.5-1.2 | 0.7 + 0.03 
22. Pullularia 4 2 | 5.3-6.8 | 6.1 5.6-6.6 | 6.1 1.0-1.4 | 1.1 0.7-1.0 | 0.8 
23. Rhodotorula 14 7 | 5.2-8.8 | 6.1 + 1.2 | 4.5-7.8 | 5.9 + 0.8 | 0.6-1.6 | 1.2 + 0.2 | 0.7-1.5 | 1.0 + 0.2 
24. Saccharomyces 53 37 | 5.2-9.0 | 6.7 4 0.9 | 5.8-9.2 | 7.6 4 0.7 | 0.9-1.6 | 1.2 4 0.2 | 0.4-1.3 | 0.8 + 0.2 
23. Saccharomycodes 1 1 "| 5.6 | 8.8 1.2 0.6 
26. Schizosaccharo- | | | 
myces . 6 4 | 2.7-6.5 | 5.1 + 1.4 | 6.2-7.4 | 7.0 + 0.5 | 1.2-1.6 | 1.4 + 0.2 | 0.6-1.5 | 0.9 + 0.4 
27. Schwanniomyces 1 1 6.3 6.7 0.9 0.8 
28. Sporobolomyces 4 4 5.8-8.6 | 6.9 | 5.5-6.3 | 5.9 1.1-1.3 | 1.2 0.4-0.9 | 0.8 
2%. Torulopsis 19 17 | 5.2-9.6 | 7.5 + 1.1 | 5.5-9.0 | 7.5 + 0.9 | 0.4-1.7 | 1.2 + 0.4 | 0.3-1.1 | 0.8 + 0.2 
30. Trichosporon 3 3 | 3.4-7.2 | 5.3 | 5.8-7.0 | 6.4 0.7-0.9 | 0.8 0.8-0.9 | 0.8 
31. Trigonopsis 1 1 6.2 | | 5.9 1.1 0.7 
32. Zygosaccharomyce i. 1 1 8.3 | | 8.1 1.3 i 
33. Miscellaneoust 1] 11 2.0-7.6 | 6.1 + 1.6 | 4.7-9.4 | 6.5 + 1.3 | 0.6-1.5 | 1.1 + 0.2 | 0.5-1.2 | 0.8 + 0.2 
Total 271 207 | 2.0-9.6 | 6.4 + 1.3 | 3.8-10.2) 7.2 + 1.1 | 0.4-1.7 | 1.2 + 0.3 | 0.3-1.6 | 0.8 + 0.2 
* Thirty-two for tryptophan analysis. 
t Including 2 hybrids, several unidentified yeasts, a yeast-like mold and a colorless alga. 
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in 32 genera and 196 species is not sufficient to be 
reflected in corresponding differences in the amounts 
of amino acids. 

SUMMARY 


The nitrogen, lysine, methionine, and tryptophan 
content of the cells of 271 strains of yeasts was deter- 
mined. The results obtained from the analysis of indi- 
vidual strains are summarized according to the 32 
genera and 1 miscellaneous group into which the yeasts 
were classified. The yeasts examined were found to 
contain from 3.8 to 10.2 g lysine per 16 g nitrogen 
(average 7.2), from 0.4 to 1.7 g methionine per 16 g 
nitrogen (average 1.2), and from 0.3 to 1.6 g tryptophan 
per 16 g nitrogen (average 0.8). The cells contained an 
average of 6.4 per cent nitrogen. No correlation was 
found between the classification of the yeasts and the 
amount of the amino acids in the cell protein. 
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It seems to be a general rule that if a microorganism 
produces an antibiotic it makes more than one such 
compound. Usually these products are closely related 
compounds, for example, bacitracins, penicillins, tetra- 
eyclines, and actinomycins. This interrelationship of 
compounds applies also to pigments, acids, and other 
metabolic products of microorganisms (Stickings and 
Raistrick, 1956). 

The strain of microorganism is an important factor 
in determining the ratio of the products, as is well 
known in the commercial production of antibiotics. 
Nutrition is a second important factor. The relationship 
is very obvious in the effect of precursors for production 
of different types of penicillin and the requirement for 
adequate amounts of chlorides in the production of 
7-chlortetracycline (Aureomycin) (Doerschuk e¢ al., 
1959). 

In other fermentations the effect of nutrients does 

1 This investigation was supported in part by a research 


grant from Chas. Pfizer and Company, Inc., Brooklyn, 
New York. 


not seem so direct. More nitrogen in the form of soya | 
peptone favored the production of the antifungal anti- 
biotic, fradicin, and reduced the proportion of the 
antibacterial compound, neomycin (Swart et al., 1950). 
High nitrogen (2.5 mg or more per ml), either organic 
or inorganic, stimulated the production of the B com- 
ponent and low nitrogen (1.2 mg or less per ml) in- 
creased the production of the A component in erythro- 
mycin fermentation (Denison et al., 1958; F riedland 
et al., 1958). Katz et al. 1958 reported that individual 
amino acids markedly affected the proportion of certain 
components of the actinomycin complex. 

In the early work on the antifungal antibiotic, 
oligomycin, paper chromatography showed that two 
components were produced, one of which was isolated 
and designated oligomycin A (Smith et al., 1954). Later, 
after the yields were greatly increased by means of 4 
better medium, three components called A, B, and C 
were found even in a well-crystallized product (Vissef, } 
1955). Paper chromatography showed that A was the | 
major component. 
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Production of the oligomycin complex in tank fer- 
mentations and preparations of several kilograms of 
crystalline material is described by Visser et al. (1960). 
Some of these lots contained mostly component B and 
others consisted largely of A. Marty and McCoy (1959) 
separated the components in two of the lots by column 
chromatography and found that one product, P. 
1543-117-1, contained 3 per cent inactive material, 
15 per cent oligomycin A, and 80 per cent oligomycin 
B. The second product, V4, contained 68 per cent of 
component A, 7.5 per cent of B, and 25 per cent of C. 

Masamune ef al. (1958) expanded the column chroma- 
tography to a larger scale and prepared sufficient 
amounts of each component to make a study of their 
chemical and physical properties. The data led them 
to propose the following formulas for the components: 
A, CoH 906; B, Cx2H 3806; C, CogsHa60c. 

In the present paper a systematic study by means 
of paper chromatography has been made of some 
factors that affect the production of the components of 
the oligomycin complex. 


EXPERIMENTAL METHODS 


Cultures. Several strains of the oligomycin-producing 
organism, Streptomyces diastatochromogenes, have been 
used in this study. Strain no. M248 was a transfer of 
the original isolate of Smith et al. (1954). Strain no. 
30-1 was obtained by Visser (1955) by plating spores 
of M248 on a medium containing 30 ug of oligomycin 
per ml and picking colonies that developed. Of these, 
strain 30-1 was one of the best producers. 

Culture 150-3 was a descendant of M248 through 
U16-2. The latter came from spores that had survived 
ultraviolet radiation that killed 98 per cent of the 
spores of M248 (Visser, 1955). Strain no. 150-3 was 
picked by Winter (1957) from colonies of U16-2 that 
developed on media containing 150 ug of oligomycin 
per ml. It had thus been subjected to both ultraviolet 
treatment and exposure to high concentrations of 
oligomycin.” 

Cultures AA541 and AA708* were isolated from river 
mud in the Glaxo antibiotic screening program and 
found to produce oligomycin. 

The cultures were carried as spore stocks in soil and 
from these, potato or oat meal agay slants were made 
as needed. As inoculum, a water suspension of the 
spores from one 8 ml agar slant was used for two 500-ml 
Erlenmeyer flasks each containing 50 ml of medium. 
The composition of the inoculum medium was varied 
from time to time but the following is typical of media 
that gave good results: glycerol, 1 per cent; glucose, 
1 per cent; Difco* yeast extract, 0.6 per cent; 

? We are indebted to Professor Elizabeth McCoy, University 
of Wisconsin, Madison, Wisconsin, for this culture. 

3We are indebted to Dr. A. H. Campbell of the Glaxo 


Laboratories, Ltd., Stoke Poges, England, for these cultures. 
* Difco Laboratories, Inc., Detroit, Michigan. 


CHROMATOGRAPHY OF OLIGOMYCIN COMPLEX 


183 


(NH4)2HPO,, 0.4 per cent; K»HPO,, 0.4 per cent; 
MgS0O,-7H:0, 0.05 per cent. After addition of 0.2 per 
cent CaCO;, the medium was adjusted to pH 7.0 and 
then sterilized. After inoculation, the medium was 
incubated on a 250 rpm rotary shaker at 30 C for 24 
to 48 hr. 

For production of oligomycin, 5 ml of the vegetative 
inoculum were added to 100 ml of media (table 1) in 
500-ml Erlenmeyer flasks and incubated at 30 C on the 
rotary shaker. During fermentation samples for assay 
were taken and additions made as desired. 

The oligomycin was extracted from a 5-ml sample 
with 150 ml of acetone at 37 C for several hours, usually 
overnight as a matter of convenience. The solids were 
removed by filtration, washed well with acetone and the 
filtrate and washings concentrated to dryness to remove 
water and acetone, made to a suitable volume with 
ethyl alcohol, and the oligomycin content determined 
by dise or paper chromatogram assay. 

Microbiological disc assay. Dise assays were run 
with the organism Glomerella cingulata, essentially as 
described by Visser et al. (1959). The most important 
change was the use of two kinds of standards in which 
the proportions of oligomycin A, B, and C were varied. 
The first standard was made up to contain 22 per cent 
A, 70 per cent B, and 8 per cent C and the second con- 
sisted of 65 per cent A, 10 per cent B, and 25 per cent C. 
The first standard was used with samples from medium 
H (glycerol); the second with samples from medium 
L or V9 (oil). In fermentations of the glycerol medium, 
the composition of the oligomycin complex resembled 
that of the first standard and in the oil medium the 
ratios corresponded roughly to those of the second 
standard. The activity of the three components is in 
the order B > A > C as shown by the graphs in figure 1. 
If a sample from the H medium were read on the second 
standard, it might be 100 per cent too high. Con- 
versely, a sample from the L or V9 media would give 
much too low values against the first standard. Ob- 
viously, neither standard may give the correct value 


TABLE 1 


Composition of media 











Medium H Medium L | Medium V9 
| 
~~ Poe, . a a oe 
MONG o.oo ok ceseae es 0 2 | 2 
IVOREON sos ss Nenokescnep) 2 =. | 0 
re 0 0 | 0.2 
Yeast extract (Difco)....... | 0.3 0.6 | 0.3 
1 RS | | @4. | “Sec7) OA 
Ee eeorrer | of. | @8 | 0.2 
MeG0.-7HDO:............... | a. | ee 0.1 
rere re | 0.04 0.04 0 
FeSO,-7H.O.................| 0.001 | 0.001 0 
pe ree 0.001 | 0.001 0 
rere | 7.0 | 7.0 7.0 
a 0.) A. 2 0.5 | 0.5 0.5 
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for an unknown and hence the disc assay was used only 
as an orientation measure to enable the analyst to 
choose an amount of unknown sample that could be 
separated quantitatively by paper chromatography. 

A second error in the disc method was the effect of 
unknown amounts of oil in the sample. This reduced 
the size of the zones. In a test sample, oil produced an 
error of 30 per cent. Added oil had no effect on the 
paper chromatogram assay. 

Paper chromatography assay. The oligomycins in 
fermentation samples were separated by paper strip 
chromatography and the quantity of each was deter- 
mined by plating the strip on an agar medium seeded 
with G. cingulata. From the area of the inhibition zones 
the quantity of each component was calculated by 
comparison with inhibition zones of pure standards of 
A, B, and C which were chromatographed at the same 
time and in the same manner as the sample. The solvent 
system of Smith et al. (1954) (water 70, ethanol 24.3, 
and acetic acid 5.7 per cent, v/v), and Eaton-Dikeman® 
no. 613 paper strips !5 in. in width were used for the 
separation of oligomycins A, B, and C. The strips were 
developed by down flow in essentially the glass jar 
equipment described by Karnovsky and Johnson 
(1949). Care was taken to have a large volume (300 ml) 
of solvent mixture in the bottom of the jar so that the 
atmosphere would be equilibrated with the same solvent 
mixture as was used for development. Since the solvent 
mixture changes in composition because of evaporation 
when the jar is opened and closed, the solvent mixture 
was replaced every 6 days with a fresh lot. The de- 
velopment reservoir contained 105 ml of solvent and 
the volume did not change perceptibly during a single 


*The Eaton-Dikeman Company, Mount Holly Springs’ 
Pennsylvania. 
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Figure 1. Standard curves for paper chromatogram assay of 
oligomycin A, B, C. 
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run. The distance between the level of solvent in the 
reservoir and the glass rod over which the paper strip 
passed was about 40 mm. The rate of movement of the 
solvent on the strip could be regulated by adjusting 
this distance. The solvent front moved down to the 
end of the strip in about 14 hr. The total time of de. 
velopment was 18 to 20 hr. The equipment accommo- 
dated 9 double-length strips, making 18 paper 
chromatograms in all. The middle of the double-length 
strip passed down into the solvent and under a glass 
rod which made the effective length of each part of the 
strip 41 em. In a satisfactory paper chromatogram, 
the components traveled down the strip  approx- 
imately as follows: C 12 em, A 24 em, and B 34 em. If 
because of over loading or other reasons, the separa- 
tion was not satisfactory, the procedure was modified 
and the paper chromatogram repeated. 

The paper strips were bioautographed on large agar 
plates made of window glass set in metal rims (8 in. by 
18 in.). After sterilization by alcohol and flaming, a 
bottom layer was laid by pouring 100 ml of a medium 
containing 1.2 per cent agar and 0.5 per cent peptone 
onto the plate. After the layer had hardened, 70 ml of 
medium seeded lightly with spores of G. cingulata were 
poured to make a second layer. For seeding this layer, 
2.5 ml of a spore suspension (optical density, 0.03) were 
added to the agar medium when it had cooled to 43 C 
and the mixture was shaken well and poured. After 
the layer had set, 3 standard strips and 3 strips of 
unknowns, either duplicates or different dilutions of 
the same sample, were placed on each plate. The plates 
were then covered with glass tops, refrigerated at 5 C 
for 4 to 6 hr, and then incubated. Contamination was 
prevented by adding 20 ug of streptomycin per ml 
to the medium. After incubation the zones of inhibition 
were measured and the area of the ellipsoids calculated 
in em’. 

For preparation of the standard strips, a solution 
containing per ml 40 wg of C; 20 ug of A, and 20 ug of 
B was used at 3 levels; 0.02 ml was spotted on the first 
strip, 41 em from the end, 0.01 ml on the second, and 
0.005 ml on the third. A quantity of unknown sample 
calculated from the dise assay to fall within the limits 
of the standards was spotted on other strips. All strips 
were developed, bioautographed and read simultane- 
ously, and calculations made accordingly. Where 
suitable amounts of sample were taken, the components 
in the fermented medium separated well and gave sharp 
zones of inhibition. Unused lard oil did not affect the 
separation and size of the zones as it did with the 
dise assay. Oil travels so much faster than the oligo- 
mycins that there was complete separation betweel 
them. The results are illustrated in figure 1 and tables 
2 and 3. 

Table 2 gives typical data for the construction of the 
standard curves on semilog paper (figure 1). The values 
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of the areas all fall on straight lines with slopes ranging 
from around 2 to 4. Oligomycin B is shown to be about 
j15 times as active as A, and A is twice as active as C. 

The reproducibility of the assay and recovery of 
added oligomycins to a fermentation sample is shown 
in table 3. Excellent checks and almost 100 per cent 
recoveries were obtained. 


I ERMENTATION RESULTS 


Oligomycin production in medium H. Medium H 
isa lean medium that contained a low level of energy- 
yielding nutrients. It gave low yields of oligomycin 
which consisted mainly of component B except when 
lard oil was added. With lard oil, component A became 
predominant (table 4). 

An indication of the exhaustion of the carbon supply 
is seen in the pH picture. This rose to 8.1 at 116 hr, a 
condition favoring the destruction of oligomycin. The 
low yield may reflect both low production and more or 
less destruction. 

In experiment no. 2 the available carbon was in- 
creased by addition of 0.3 per cent glucose and the 
oligomycin yield was more than doubled. The per- 
centage of B, however, remained about the same as 
before, the figure for A decreased somewhat and a small 
but definite proportion of C appeared. No noteworthy 
change occurred in the pH picture. 


TABLE 2 


Typical data for construction of standard curves 


Inhibition Zone 


Standard on Strip Fraction — — : a 
Length | Width Area 

ml ug 7 cm pa cm? 
0.02 C 0.8 1.9 Re 7.9 
A 0.4 2.1 4.6 7.6 
B 0.4 24 4.8 10.2 
0.01 C 0.4 1.9 3.5 5.1 
A 0.2 1.8 3.4 4.8 
B 0.2 2.4 3.2 6.0 
0.005 Cc 0.2 1.4 2.0 2.2 
A 0.1 LA 1.4 12 
B 0.1 1.5 2.0 2.4 


TABLE 3 7 


Reliability of paper chromatogram assay 


Oligomycin 


No. Identity 
A B Cc 
be pg/ml 
] Fermentation sample 71 76 20 
2 Duplicate 71 76 18 
3 Standard added 20 20 40 
4 Total, caleulated 91 96 59 
5 Found 9] 94 60 
6 tecovery 100%! 98%! 101% 
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In another flask the carbon source was further in- 
creased by lard oil. At 2.5 per cent the yield of oligo- 
mycin increased about 8 times that in the control and 
at 3.5 per cent it was more than 12 times as much. A 
better pH control was maintained in these fermenta- 
tions. Both were notably high in component A, low in 
the proportion of B, and the first was conspicuously 
high in C. 

Doubling the ingredients of the basal medium more 
than doubled the yield of oligomycin but this change 
did not give the yields obtained by addition of oil. 
The percentage of B remained high and suggests a 
means of obtaining B for preparative purposes. The 
pH of the medium was too low for good production of 
oligomycin. 

Assay of the culture at the beginning of oligomycin 
formation and at the end does not show any clear-cut 
sequence in the formation of the three oligomycins. In 
general, B appears early in the fermentation whereas 
A and C are more prominent in the later stages. In 
terms of ug per ml there is always more of each com- 
ponent at the end than at an early period of antibiotic 
production. Hence there is no indication of intercon- 
version of the components, although this possibility is 
not excluded. 

Factors favoring the production of oligomycin B. In 
these fermentations an effort was made to get higher 
yields of oligomycin and also high percentages of 
oligomycin B. Such a result would be desirable if the 
objective were to produce oligomycin B. It seemed 
possible that this result might be achieved with medium 
H by maintaining a better pH, adding more CaCO, 
during fermentation, and by supplying more energy by 
feeding glycerol during the period of active metabolism. 
Very considerable success was achieved (table 5). The 


TABLE 4 
Factors affecting the production of oligomycin in medium H* 


Oligomycin 


Time of 
No. Changes in Medium Fermen- PE ta 
tation A B Cc 
6. er wo — aa* ; ug. ml ¥ Qq 
1 None 60 6.1 ee. 30 | 70| O 
116 $A 41 | 46 | 544] O 
2 Plus 0.3% glucose | 60 5.2| 69 | 32 | 55 | 13 
116 8.2 | 91 | 39 | 53 8 
3 Plus 2.5% lard oil 60 6.7] 84| 67 | 22/11 
116 6.8 | 316 | 49 | 20 | 31 
4 Plus 3.5% lard oil 60 6.0 | 241} 66 | 30 
116 6.5 | 543 | 68 | 21 | 11 
5 Basal, doubled 60 6:8 | 113) 201 a 0 


116 5.3 | 110 | 30 | 60 | 10 


* Streptomyces diastatochromogenes M248 was used in these 
fermentations. 
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yields were about as high as with lard oil additions to 
medium H (table 4) and the percentages of B were 3 to 4 
times higher. A second objective was to compare the 
parent culture M248 and a culture derived therefrom, 
no. 30-1. In these fermentations 30-1 gave distinctly 
higher yields than M248. Culture 30-1 did not always 
show as great superiority but it usually grew better and 
in the majority of runs outstripped the parent. There 
was no significant difference between the two cultures 
with respect to the ratios of the three oligomycins. All 
fermentations were conspicuously high in oligomycin B. 

Effect of modifications of lard oil media on oligomycin 
production. In developing the high-yielding oil medium, 
addition of a small amount of glucose (about 0.2 per 
cent) seemed to favor growth and oligomycin produc- 
tion. However, when oil was replaced by glucose no 
oligomycin was obtained. Some fermentations were 
run in which the oil was not replaced but was supple- 
mented with various amounts of glucose. The results 
are given in table 6. Increasing amounts of glucose 
brought about decreasing yields of oligomycin. With 
0.25 per cent glucose the yield fell off about 30 per 
cent. With 0.5 per cent it decreased still more and with 
1 per cent it amounted to only about one-third of that 
obtained with oil alone. 

It seemed possible that a sugar such as galactose 
which is usually more slowly metabolized than glucose 
might have a less depressing effect. This was not the 
case. It depressed the yields almost exactly the same 
as glucose. In some experiments with corn starch (data 
not given in table) the depressing effect was even more 
marked than with the two sugars. No satisfactory 
explanation can be offered on the basis of available 
data. Perhaps data on mycelial growth and the meta- 


TABLE 5 
Factors favoring production of oligomycin B* 











| Time of | Oligomycin 
No. Additions to Medium H pH Fermea- |—£ £@—@_____ 
| tation A B Cc 
hr pg/ml % 
Series I: Culture M248 | 
1 | 0.38% CaCO; (1X) | 4.9-7.7| 144 | 203 | 33 | 67 | 0 


2 | 0.25% CaCO; (2X) || | 


1% glycerol (3X) (5.26.4 144 | 302 92 | 73 | 5 
3 | 0.25% CaCO; 

1% glycerol (3X) = |\4 9.64 144 | 350 | 36 | 64 | 0 

0.3% yeast extract 

(3X) ) | 

Series IT: Culture 30-1 
4 | 0.25% CaCO; (2X) | 6.54 144 | 393 | 23 | 69/8 
5 | Same as 2 5.4-5.9 144 | 582 | 10 | 86 | 4 
6 | Same as 3 5.4-7.0; 144 434 | 22 | 71 | 7 


* Notes: Single and first additions (1X) were made at 56 hr, 
the second (2X) at 80 hr and the third (3X) at 112 hr. The pH 
range is that from 60 to 144 hr. In No. 4 an effort was made to 
hold the pH at 6.5 by addition of either CaCO; or phosphoric 
acid. 
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bolic activity of the mycelium might suggest an 
explanation. 

Since oil is probably metabolized by splitting off 
two carbon fragments of the fatty acid chain, replace- 
ment of oil by calcium acetate alone or in combination 
with galactose was tried in medium L. Poor growth and 
no oligomycin were obtained with calcium acetate alone, 
With equal quantities of galactose and acetate, growth 
was excellent but the pH could not be held below 7.5 
by addition of phosphoric acid and only 50 ug of oligo- 
mycin per ml were obtained. Slightly higher yields were 
found when the ratio of galactose to acetate was raised 
to 3:1. With galactose in place of oil only about one- 
fourth the yields given by oil were obtained. 

The distribution of the oligomycin components in 
these fermentations was high B with low yields and 
high A and C with high yields. In the 4 per cent galac- 
tose fermentation a fair yield of 100 per cent oligomycin 
B was observed. 

Effect of kind of inoculum on oligomycin production. 
In this series two kinds of inoculum were compared 
on two fermentation media (table 7). Inoculum I was 
grown on substantially the standard inoculum medium 


and used at an age, 30 hr, that had given good results | 


previously. With the glycerol medium (H) it gave fair 
yields but with a lower percentage of B than usual. With 


the glycerol-oil medium (L) it gave about twice as | 


high a yield and the usual high percentage of A in the | 


mixture. 
Inoculum II was grown on about twice the concen- 


TABLE 6 


Effect of modifications of media V9 and L on the production and 
composition of oligomycin* 














suena 


Time of Oligomycin 
Medium pH Fermen- | —___ _—_— 
tation A B Cc 
hr ug/ml | q 
V9 alone 7.0-7.6 | 120 | 893 | 62) 9/| 29 
Plus glucose, | 
0.25% 7.1-7.7 | 120 | 630 | 51 24 | 25 
0.5% 7.1-7.8 | 120 | 580} Not run 
1.0% | 7.1-7.5 | 120 | 320 | 53 27 | 2 
Plus galactose, | 
0.25% | 7.1-7.7 120 | 660 | 59 7 | 24 
0.5% | 7.1-7.8 | 120 | 580 | 70 | 15) 15 
1.0% 7.1-8.2 | 120 | 380 | 60| 29/11 
L alone 7.0-6.6 | 114 | 490 | 59| 41) 0 
L oil replaced by | | 
(a) galactose and (b) 
Ca-acetate 
@ | @® | | wee 
4 | 0% | 7.0-6.8 | 114 132 | 0| 100; 0 | 
3% 1% 7.0-7.9 | 114 71 | 20| 80| 0 
2% 2% 7.1-8.3| 114 55 | Poor assay 
1% 3% | 7.0-8.2| 114 | 0O 
0% | 4% 7.0-7.4 | 114 | 0 | 





* Note: Streptomyces diastatochromogenes 30-1 was used in 
these fermentations. 
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tration of nutrients used for I and when employed at 
30 hr gave the highest yields of oligomycin obtained 
in this study: 826 wg per ml at 114 hr and 1229 ug 
per ml at 138 hr. The mycelium and medium were 
clearly not exhausted at 114 hr and formed about half 
as much oligomycin in the next 24 hr as produced up to 
114 hr. A strong inoculum and a rich medium are 
evidently favorable for high yields. Such conditions 
of course require an adequate air supply which is diffi- 
cult to obtain in shaken flasks. The pH level in this 
fermentation was unusually favorable. The CaCO; and 
phosphoric acid additions held the pH between 6.4 
and 7.2 throughout the fermentation. It was easier to 
control the pH in the L than in the H medium. 

At 56 hr of age, inoculum II had apparently deteri- 
orated as it gave only half the yields of the 30-hr 
inoculum in the L medium. The fermentation seemed 
exhausted at 114 hr. Instead of an increased production 


TABLE 7 


Effect of kind of inoculum on oligomycin production* 
| Fermentation Medium | Oligomycin 


| 
Inoculum ire acne | 


























No. |— . | Fermen- ——— 

No. | Age | pH Medium | pH range | ee | | A | Bic 

hr hr | pg/ml % 

1) I| 30 | 4.0 | H (2X) | 5.9-7.8 | 114 | 209 | 40) 42) 18 
2} I| 30| 4.0] H (2X) | 6.5-8.3 | 138 | 258 | 44| 40) 16 
3| [| 30| 4.0) L | 6.7-7.5 | 114 | 425 | 56) 12) 32 
4| I| 30| 4.0] L 6.5-6.7 | 138 | 345 | 68| 10} 22 
5| II | 30 | 7.6 | L 6.2-7.2 | 114 | 826 | 66) 16| 18 
6| IL | 30 | 7.6 | L | 6.5-6.4 | 138 |1229 | 68} 20) 12 
7| 11 | 56 | 6.3 | H (2X) | 5.5-7.8| 114 | 130) —| — — 
8 IL 56 | 6.3 | H (2X) | 6.5-7.2 | 138 | 140 | 33) 46) 21 
9/11 | 56/ 6.3] L 5.5-7.4 | 114 | 470 | 64) 14) 22 
10, IT | 56 | 6.3 | L | 6.5-6.9 | 


138 | 376 51 17) 32 

* Notes: Inoculum I was grown on the standard inoculum 
medium plus 1 per cent corn starch and inoculum II was grown 
on about twice this concentration of nutrients. CaCO; was 
added during fermentation if the pH dropped to 5.4 and 
H;PO, was added if it rose to 7.8. The number (2X) means that 
double strength medium H was used. The culture was Strepto- 
myces diastatochromogenes 30-1. 
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of oligomycin between 114 and 138 hr there was an 
actual decrease. Poor results were also obtained with 
this inoculum in the H medium. 

As in the previous experiments (table 4) there was 
no shift in ratios of the three oligomycins between 114 
and 138 hr. Even in no. 5 and 6 where there was a 
marked production of oligomycin during this interval, 
there was no significant change in the ratios. The evi- 
dence obtained to date indicates a fairly constant rela- 
tionship among the three components throughout a 
given fermentation. 

Interrelation of mycelium and medium on amount and 
kind of oligomycin production. As shown by the previous 
experiments, the low energy glycerol medium (H) 
usually gave a low yield and high proportion of oligo- 
mycin B whereas the rich lard oil media L and V9 gave 
several times more antibiotic which consisted mainly 
of component A and only small proportions of B but 
often contained considerable percentages of C. Con- 
sideration of this situation raised the question of the 
relative importance of the composition of mycelium 
and that of the medium during the oligomycin-pro- 
ducing phase. 

An experiment was therefore set up in which the 
mycelium was grown on one kind of medium, filtered 
off, washed and then transferred into an equal volume 
of another medium for oligomycin production. Some 
results are given in table 8. 

A mycelium grown on the lard oil medium (L) pro- 
duced very little oligomycin when transferred to a 
phosphate buffer, pH 4.5 (68 ug per ml in 120 hr), but 
formed large quantities (705 ug per ml in 120 hr) in this 
buffer at pH 7.5. The yield was higher than that pro- 
duced by mycelium left in medium L (table 6) perhaps 
because of more phosphate and better pH control. 
Samples were also run at 72 hr. At pH 4.5, only 30 ug 
per ml were produced and, at pH 7.5, 176 ug per ml were 
obtained. Thus most of the oligomycin was made 
between 72 and 120 hr. 

The results with the L-mycelium are not to be at- 


TABLE 8 


Effect of transferring mycelium to a second medium on oligomycin production* 





| 
Media 


pH of Second Medium | 

\f 7 ———| 

First Second | Initial Final 
L 1% KH2PO, 4.5 6.2 
L 1% KH.2PO, 7.5 7.0 
L H (single) 4.5 4.8 
4 H (single) 6.8 7.6 
H (double) 1% KH.PO, 4.5 6.0 
H (double) 1% KH2PO, ripe | 7.6 
H (double) L | 4.7 4.6 
H (double) L 6.8 7.4 





medium and 72 hr in that of the H medium. 














Oligomycin 
Time in Second Medium ~en happen 

| A B c 
hr pg/ml | % 
120 68 40 | oo | 0 
120 705 |~ 61 | 11 | 8 
120 all Gea ee ee 
120 179 | 53 | 3% | 1 
120 | 88 20 80 0 
120 | 13s 13 87 0 
120 | 64 47 53 0 
120 | 310 31 4 | 15 





* Notes: Streptomyces diastatochromogenes M248 was used. At the time of transfer the mycelium was 67 hr old in case of the L 
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tributed to the mycelium alone, as visible lard oil was 
present at the time of transfer. This became entrained 
in the filtered mycelium and hence served as a source 
of energy in the new medium. 

The ratio of the three components formed by the two 
mycelia were quite different. In the buffer at pH 4.5 
to 6.2 oligomycin B predominated, and in the same 
buffer at pH 7.0 to 7.5 oligomycin A was the major 
component. The pH of the medium as well as the 
nutrients seems to be a factor in determining the kind 
of oligomycin that is produced. 

In the H-medium, the L-mycelium made a large 
amount of oligomycin, between pH 4.5 to 4.8 (300 ug 
per ml) more than at pH 6.8 to 7.6. This result was 
unexpected as was also the high per cent of B in the 
product. No satisfactory explanation can be offered 
at the present time for these results. 

The mycelium grown on the H medium produced 
only small amounts of oligomycin at either pH and 
both products were predominantly B in composition. 
When the H-mycelium was transferred to the L- 
medium, it made but little antibiotic at pH 4.7 but a 
fair amount at pH 6.8 to 7.4. In both cases the B 
component remained about the same, but at the higher 
level less A and a corresponding increase in the per- 
centage of C appeared. There is an indication in the 
results that the H-mycelium was conditioned to pro- 
duce predominantly oligomycin B and continued to do 
so irrespective of changes in pH or nutrients. 

Effect of various additions to buffer medium on oligo- 
mycin production. From the results in the preceding 
section it seemed that the pattern of oligomycin pro- 
duction was largely fixed by the kind of mycelium at 
the time of transfer to the phosphate buffer. The 
effect of various additions to the buffer were deter- 
mined in the next series of fermentations. The data 
are recorded in table 9. The mycelium was produced 
under conditions that to date appeared optimal for 
oligomycin production; namely, a 30-hr inoculum 
seeded into the high-producing lard oil medium (L). 
After 67 hr incubation, the mycelium from 100 ml of 
medium was filtered off, washed with water until the 
filtrate became clear, and then transferred to 100 ml 
of the second medium. 

The pH of the second medium varied but little, 7.2 
to 7.7. In some cases there was a considerable increase 
in the weight of mycelium on the supplemented buffer 
medium. 

The yield of oligomycin in the unsupplemented buffer 
was not equal to that obtained in the preceding experi- 
ment but was reasonably good. Addition of lard oil 
increased the yield about 60 per cent. Glycerol was 
much less effective in raising the yield and a com- 
bination of the two was intermediate between those 
given by the two singly. Glucose was slightly more 


effective than glycerol. Acetate had little or no effect. 
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CaCO; reduced the yield markedly, and _ restricting 
the air supply by capping the flask with tin foil also 
greatly reduced the yield. The composition of the 
oligomycin was largely A with more C than B, a usual 
characteristic of a rich lard-oil fermentation. 

Other cultures and products. Two runs were made with 
culture S. diastatochromogenes 150-3 and simultaneously 
runs with no. 30-1 as a control. In the H media the 
vields were around 100 ug per ml for both cultures and 
the percentages of B (81 and 85) were also about the 
same. Likewise in the L medium no difference between 
the two cultures was noted either in yield or ratio of 
the components. The ultraviolet treatment and ex- 
posure to high concentration of oligomycin given strain 
150-3 apparently had produced no perceptible effect. 

The two oligomycin-producing cultures isolated by 
Dr. Campbell were tested under the conditions of our 
tests. Both cultures grew more slowly on potato slants 
than culture 30-1. In medium H, single strength, 
culture no. AA708 produced as good yields of oligo- 
mycin (220 wg per ml) as culture 30-1 but in media L 
and V9 the yields were far below those of no. 30-1. 
Culture AA708 appears to be a promising culture. Cul- 
ture AA541 failed to produce any detectable oligomycin 
in any of the three media. Many experiments, of course, 
are necessary before the full potentialities of a culture 
can be established and valid conclusions drawn. re- 
garding their comparative merits. We do not consider 
our experiments are adequate for this purpose. 

A erystalline sample of oligomycin made by Halliday 
(1955) with M248 in the H medium assayed 36 per 


TABLE 9 
Effect of additions on oligomycin production by transferred 
mycelium* 


Oligomycin, 


Myce- a ea 
No. Second Medium — _— aan Fene - 
” A|B/C 
mg/ml | pg/ml o7/ 
1 1% KH2PO, pH 7.5 7.4 8.5 | 399 | 64) 11) 25 
2 As 1 plus 0.1% oil 7.2 | 13.4 | 649 | 58) 13) 29 
3 | As 1 plus 0.2% glycerol 7.3 | 11.0 | 461 | 68) 15) 17 
4 As 2 and 3 combined 7.3 518 | 63) 13) 24 
5 | As 1 plus 0.2% calcium | 7.2 | 16.1 | 431 | 61) 18) 21 
acetate 
6 As 1 plus 0.2% glucose 7.6 | 10.9 | 486 | 64) 13, 23 
7 As 1 plus 0.5% CaCO; PY i 62 | 44! 20) 36 
8 As 1 capped with tin foil 22 123 | 54| 21) 25 








— 


* Notes: The culture was Streptomyces diastatochromogenes | 
M248. The inoculum was 30 hr old when used to inoculate the | 
first medium (L). After 67 hr incubation the mycelium was | 
transferred to the second media (column 2). This mycelium, | 


8.1 mg dry weight per ml, contained 27 yg oligomycin (per 
cent A:B:C = 50:18:32) at the time of transfer. Incubation 
time in second medium was 120 hr. 

Medium in no. 5 was adjusted with H;PO, to 7.2 at 24 and 
48 hr. To no. 6,0.13 per cent CaCO; was added at 24 hr and 
adjusted with H;PO; to pH 7.4 at 96 hr. 
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cent A, 64 per cent B, and no C. The ratio of compo- 
nents is about the same as that obtained in this study 
with all the cultures on the H medium. 


SUMMARY 


A paper chromatographic method has been developed 
for the quantitative separation and determination of 
oligomycins A, B, and C in fermented media. 

The paper chromatography method has been applied 
to a study of factors affecting the production of the 
components of the oligomycin complex by Streptomyces 
diastatochromogenes. The carbon source in the medium 
seems to be the most important factor. 

In a glycerol medium, the total yield of antibiotic 
was usually low and consisted largely of oligomycin B 
and small amounts of oligomycin A (75 per cent B, 
25 per cent A). Doubling the concentration of nutrients 
and feeding of glycerol and yeast extract increased the 
yield to 400 to 600 ug per ml and caused the appearance 
of small amounts (up to 8 per cent) of a third com- 
ponent, oligomycin C, 

In a lard oil medium, the over-all yields rose to 
around 1000 ug per ml at times, and this consisted 
largely of A, small amounts of B, and occasionally con- 
siderable amounts of C (62 per cent A, 9 per cent B, 
29 per cent C). 

Addition of carbohydrates for example, glucose, 
galactose, or starch to the lard oil medium reduced 
the yield and increased the proportion of component B 
in the complex. 

The pH of the medium was important for oligomycin 
production. pH values of 6.4 to 7.5 were most favorable 
for good yield and maintaining the proportion of the 
components. 

A young inoculum (30 hr) gave better yields than 
an older one (56 hr). The mycelium at 70 hr of age seems 
to be conditioned to form the particular mixture char- 
acteristic of that medium. If transferred to another 
medium it continued to form the mixture characteristic 
of the first medium. The pH of the new medium mark- 
edly influenced the proportion of components formed. 

A comparison of several strains of S. diastatochromo- 
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genes obtained by selection or by new isolations has 

been made. 
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A survey of the salmonella content of fresh frozen, 
commercial grade horse meat was initiated following 
an outbreak of salmonellosis among sentry dogs at the 
Lake Charles Air Force Base, Lake Charles, Louisiana. 
The raw horse meat fed was suspected of being the 
source of infection. 

Dr. Charles T. Caraway, public health veterinarian 
in Louisiana, and Mr. Leonard Rue, Inspector in 
Charge, Meat Inspection Division in New Orleans, 
forwarded the following information to us: 

Stool specimens from 18 of 24 dogs were positive for 
salmonellae. The 6 negative dogs were recently ac- 
quired. Twelve different serotypes were isolated includ- 
ing Salmonella ser. montevideo from four dogs, S. 
paratyphi B from six, S. ser. newington from five, S. 
ser. anatum from two, S. ser. derby from two, S. 
give from three, S. ser. minnesota from three, S. 
tennessee from one, S. ser. infantis from one, S. ser. 
bareilly from one, S. ser. oranienburg from one, and 
S. ser. meleagridis from one dog. (Caraway et al. 1959 
reported the survey of salmonellosis in sentry dogs.) 

Most of the infected animals experienced an onset 
of diarrhea shortly after feeding and, a short time 
later most of the dogs became ill with bloody diarrhea. 
Stool specimens of the dogs’ handlers were negative. 
The dogs were kept in individual runs and watered 
and fed from clean individual pans by their handlers. 
There were no signs of rats or other rodents around the 
immediate area. The dog food, therefore, was con- 
sidered as one of the possible sources of infection. 

A survey of the horse slaughtering establishment 
showed good sanitary practice and a bacteriological 
evaluation of the chopped horse meat was initiated. 
The results of the study are reported in this paper. 


ser. 


Ser. 


MATERIALS AND METHODS 


In the first part of the investigation, 4-ounce samples 
of fresh, chopped, horse meat were collected from the 
chopper at the packing establishment four times a day 
for 5 weeks, from June 3 through July 9, 1957. The 
samples were packed with Dry Ice and sent to our 
laboratory where they were kept frozen until tested. 
Seven to 15 g of the thawed sample and 100 ml selenite 
broth (BBL)? were mixed for 30 sec at high speed in a 

1 Mr. Singer is a bacteriologist and Dr. Brandly is Chief 


Staff Officer, Biological Controls, Meat Inspection Division. 
2 Baltimore Biological Laboratory, Baltimore, Maryland. 
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Waring Blendor. The blenders and contents were 
incubated at 32 to 35 C for 18 to 24 hr and then bismuth 
sulfite agar (BBL) plates were streaked for isolation of 
colonies. 





The second part, November 12 through December 10, | 
was undertaken to determine the incidence of salmonella 
in the fall. Eight samples were collected daily at hourly | 
intervals. The bacteriological methods were changed 
as follows. Seven to 15 g of horse meat and 100 ml | 
tetrathionate broth (BBL) were mixed for 30 sec at high | 
speed in a Waring Blendor. Dilutions of 1:10, 1: 100, | 
and 1:1000 of horse meat were made in tetrathionate 
broth and 10 ml of each dilution were placed in loosely 
stoppered screw-cap test tubes and incubated at 32 to 
35 C for 18 to 24 hr. At the end of the incubation | 
period, the contents of the tubes were thoroughly mixed | 
and bismuth sulfite agar was streaked. 

The procedures for both parts of the investigation | 
were identical from this point on. After 48 hr incubation 
at 37 C, salmonella-like colonies were picked from the 
bismuth sulfite agar plates and transferred to tubes of 
triple sugar iron agar medium (Difco).* All tubes with 
alkaline slants, acid butts, and with or without hy- 


| 


— 


drogen sulfide were tested with polyvalent salmonella | 


serum. Cultures which were agglutinated by the serum | 
and which gave the following reactions: urease nega-| 
tive, indol negative, acetylmethylearbinol negative, 
fermentation of lactose and sucrose negative, fermenta- 
tion of glucose positive, motility positive, methyl red 
test positive, citrate utilization positive, and the reduc- 
tion of nitrates to nitrites positive, were sent to Dr. 
P. R. Edwards, Communicable Disease Center, U. 5. 
Public Health Service, Chamblee, Georgia for sero- | 
typing. 


F 
f 
{ 


RESULTS AND DiIscussION f 


een 


No salmonellae were isolated from the 60 samples 
tested during the first, second, or fifth week of the| 
summer. Ten isolations were made from 40 samples | 
tested in the third and fourth weeks. During the third | 
week, S. ser. derby was isolated from 1 sample ol} 
Tuesday and 1 sample on Friday, S. ser. norwich from 
3 samples on Wednesday and S. ser anatum from | sam-} 
ple on Friday. During the fourth week S. ser. georgia} 
was isolated from 1 sample on Tuesday, S. ser. newington | 


& 


——— 


3 Difco Laboratories, Inc., Rahway, New Jersey. 
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1960] SALMONELLA 
and S. ser. sandiego from 1 sample on Wednesday, and 
S. ser. newport from 1 sample on Friday. 

During the 21 days (168 samples) of the fall survey 
isolations were made each week and on 13 days. Sal- 
monella ser. derby was isolated from 21 samples, S. ser. 
anatum from 12 samples, S. typhimurium from 6 sam- 
ples, S. ser. newport from 3 samples, S. ser. heidelberg 
from 2 samples, S. ser. meleagridis from 1 sample, and 
S, paratyphi B var. java from 1 sample. Table 1 indi- 
cates the frequency of salmonellae isolations during 
this testing period. Ante mortem the horses were 
afebrile and clinically normal and at 


c 


post-mortem 
there were no evidences of a septicemic infection. The 
salmonellae numbers in the meat were minimal as al- 
most all isolations were from the 1-g samples only. 
The samples were collected from a wide area and some 
were in transit for long periods. It is possible that the 
animals held over the week end were infected in the 
holding pens and the incidence during the first 3 days 
of the weeks slaughter was higher than the last 2 days 
when the animals were slaughtered as they arrived at 
the plant. The animals were not boned in their entirety 
at one time, but were divided into quarters and smaller 
cuts and boned out over a period of 18 to 24 hr. This 
may account for the intermittent repetition of the 
recovery of some types. 


Table 2 shows the salmonellae isolated from 268 sam- 


IN 


HORSE MEAT 


Date (1957) 


June 3-7 
June 10-14. 
June 17-21. 


June 24-28. 
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Nov. 12-15. 


Nov. 18-22. 


Nov. 25-30* 
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TABLE 


Salmonellae isolated from 268 samples of chopped horse meat 


No. of 


| Samples 


wy 


12 


32 


40 


40 


40 


16 





TR 


TR 





* No sample on Nov. 28 


TABLE 1 


Salmonellae isolations from chopped horse meat during the fall testing 





No. of Samples and Day of Test 


Time Collected 


Wednesday 





Monday 40 Tuesday 32 32 
No. and Salmonella species or serotypes isolated 
7:00 a.m. 1 | S. derbyt 2 | S. derby*t | 1 | S. meleagridis* 
| 1 | S. anatum§ 
8:00 a.m. 1 | S. paratyphi B, 1 | S. typhimurium } 3 | S. derby* 
var. javat | 1 | S. anatum§ 
9:00 a.m. 2 |S. anatum§: 4 1 | S. anatum* | 2 | S. derby*§ 
10:00 a.m. 2 | S. derbyt> t 1 | S. anatum§ | 1 | S. derby* | 
1 | S. typhimurium | | 
11:00 a.m. 1 | S. derbyt 1 | S. heidelbergt | 1 | S. derby* is 
1 | S. typhimurium§ 1 | S. newport§ Re 4 
1:00 p.m. 1 | S. derbyt 1 | S. derby* | 0 | | 
, 1 | S. anatum4 | | 
1 | S. typhimurium 
2.00 p.m. 1 | S. derbyt 1 | S. newport§ 1 | S. anatum§ ia 
1 | S. typhimurium§ 1 | S. anatum§ | 
3:00 p.m. 1 | S. hetdelbergt 1 | S. newport§ 1 | S. derby* ie 
1 | S. typhimurium§ | 1 | 
Total no. of 13 14 10 | | 4 | 


isolations 


* First week. 
t Second week. 
t Third week. 
§ Fourth week. 
{ Fifth week. 
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Salmonella Isolated | Ra 2 of 
| Isolations 
0 0 
0 | 0 
. derby | 2 
. norwich | 3 
. anatum 1 
. georgia | 1 
. newington | 1 
. sandiego 1 
. newport 1 
0 | 0 
0 | 0 
. derby ; a 
. anatum | 2 
. meleagridis | 1 
. derby | 6 
. heidelberg 2 
. derby | 3 
. paratyphi B | 1 
var. java 
. anatum 5 
. typhimurium — | 3 
. derby | 1 
. anatum | 3 
. typhimurium | 3 
. newport | 3 
Thursday 32 Friday 
0 0 
0 0 
0 0 
0 | 1 | S. derby* 
4 
. derby* 0 
0 0 
| | 
. derby* 1 | S. derbyt 
. derby* | 1 | S. derbyt 
. anatum* | 
| | 
3 | 
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ples of chopped horse meat during summer and fall. 
The days of most frequent isolations during the fall 
were 6 on Wednesday of the first week, 6 on Monday 
of the second week, and 8 on Tuesday of the fifth week. 
There have been relatively few serotypes isolated 
from horses. The most prevalent type reported has 
been Salmonella abortus-equi (Dimock et al., 1947; 
Bruner and Moran, 1949; 1957), which is 
rarely recovered from other animals. Among the other 
serotypes reported in horses are: S. typhimurium 
(Cernozuboy et al., 1937; Stewart, 1940; Dimock 
et al., 1947; Bain, 1949; Bruner and Moran, 1949), 
S. thompson and S. dublin (Smith and Buxton, 1951), 
S. moscow (Kauffmann, 1935), S. paratyphi B (Cernozu- 
bov et al., 1937; Schmidt, 1949), S. saintpaul (Bruner 
and Moran, 1949), S. anatum (Kauffmann, 1935; 
Bruner and Moran, 1949) S. muenster (IXauffmann 
and Silberstein, 1934), S. schlesshetm (Buxton, 1957), 
(Cordy and Davis, 1946; 
Atkinson et al., 1949); S. newport and S. meleagridis 
(Cottew and Francis, 1954). Salmonellae have been 
isolated from clinically normal animals, including 
horses (Bruner and Moran, 1949; Smith and Buxton, 
1951). Fatigue, exposure, inadequate diet, and other 
factors such as very young and very old age undoubt- 
edly play a great role in the emergence of many sal- 
monella infections (Bruner and Moran, 1949). Many 
horses are sent to slaughter because of old age. 


Buxton, 


S.  bovis-morbificans 


Buxton (1957) lists 47 salmonella serotypes and other 
workers report that salmonella are commonly isolated 
from dogs (Kintner, 1949; Galton et al., 1952; Stucker 
et al., 1952; McElrath et al., 1952; Mackel et al., 1952). 
Galton et al. (1952) state ‘‘that dogs are exposed very 
frequently to salmonellosis and that foods with sal- 
monellae could infect the dogs by their ingestion.” 
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SUMMARY 


Horse meat produced in the same establishment as 
that suspected of causing clinical salmonellosis in dogs 
was examined for salmonella. Salmonella ser. derby, 
S. typhimurium, S. ser. newport, S. ser. norwich, S. 
ser. anatum, S. ser. georgia, S. ser. newington, S. ser. 
sandiego, S. ser. heidelberg, S. ser. meleagridis and S. 
paratyphi B var. java were isolated. Salmonella ser. 
derby and S. ser. anatum were isolated most often. 
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Hourly samples collected at the chopper in the packing 

establishment often revealed the same types of or- 

ganisms on succeeding samples. It is believed that this 

occurs as a result of the continued boning of a single 

careass rather than contamination of all carcasses. 
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WITH B-B-L MULTI-PURPOSE LABORATORY EQUIPMENT 





BACTERIOLOGICAL TUBE CABINET 


Cat. No. 05-352—A multi-purpose cabinet for preparation, 
incubation and storage of “slant” culture tubes, particularly 
in TB work. Slant angle adjustable from 5° to 11°. Also use- 
ful for stock and tissue cultures and preparation of gradient 
plates. Fits into any standard incubator. Easy viewing per- 
mits rapid inspection and selection. Sturdy and attractive — 
electro-welded, stainless steel construction, electro-polished 
for smoothness—no sharp corners. Four models available. 





DISPLAY RACK 


Cat. No. 05-414—A flexible combination of display rack and 
viewing box for use in bacteriological, serological, blood typ- 
ing and other laboratory procedures. A 15-watt fluorescent 
bulb provides bright, well-diffused illumination for viewing 
20 large test tubes or four standard Petri dishes. A remov- 
able Petri dish holder is supplied. Excellent for teaching 
and demonstration purposes. Steel construction, enameled 
in laboratory white. Convenient on-off switch. 





TUBE ROTATOR 


Cat. No. 05-480—This all-purpose rotator takes little bench 
space and saves the time and tedium of hand mixing. It 
assures homogeneous dispersion of blood and other fluids for 
accurate and uniform laboratory analyses. Twelve tubes of 
different shapes and sizes are kept in gentle, constant 
motion. Metal construction — attractively finished in gray 
hammertone. Motor requires no lubrication. 








BREWER ANAEROBIC JAR 


Cat. No. 06-1948—A versatile, compact unit for culturing 
anaerobes by any one of the commonly used methods. Also 
used to culture organisms needing increased CO, tension. 
Safe—no exposed electrical connections inside jar. Meets 
specifications of Armed Services Medical Procurement 
Agencies. Simple and convenient to operate—plugs into ordi- 
nary electrical outlet. 





Descriptive literature for these products sent upon request. 


BALTIMORE BIOLOGICAL LABORATORY, INC. 


BALTIMORE 18, MARYLAND 
A DIVISION OF BECTON, DICKINSON AND COMPANY 


8-B-L IS A TRADEMARK OF BALTIMORE BIOLOGICAL LABORATORY, INC. 














BACTO - LATEX 


0.81 MICRON 


Product of Dow Research and Difco Standardization 


@ Bacto-Latex 0.81 micron is characterized by 
uniform particle size, batch reproducibility 
and biological inertness. 


@ An inert carrier for use in clinical and 
investigational tests including 
RHEUMATOID ARTHRITIS 
INFLAMMATORY DISEASES 
TRICHINOSIS 
LEPTOSPIROSIS 


@ Recommended for Rheumatoid Arthritis Tests 
of Singer and Plotz and modifications. 


Literature available on request 


DIFCO LABORATORIES petrorr i micuiGaNn USA 


BIOLOGICS 


CULTURE MEDIA 


REAGENTS 














DIFCO} 











